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CHAPTER  LV 

ALTERNATING  CURRENT  SYSTEMS 


The  facility  with  which  alternating  current  can  be  trans- 
formed from  one  voltage  to  another,  thus  permitting  high 
pressure  transmission  of  electric  energy  to  long  distances  through 
small  wires,  and  low  pressure  distribution  for  the  operation  of 
lighting  systems  and  motors,  gives  a  far  greater  variety  of 
systems  of  transmission  and  distribution  than  is  possible  with 
direct  current. 

Furthermore,  when  the  fact  that  two  phase  current  can  be 
readily  transformed  into  three  phase  current,  and  these  con- 
verted into  direct  current,  and  vice  versa,  by  means  of  rotary 
converters  and  rectifiers,  is  added  to  the  advantages  derived 
by  the  use  of  high  tension  systems,  it  is  apparent  that  the 
opportunity  for  elaboration  becomes  almost  unlimited.  These 
conditions  have  naturally  tended  toward  the  development  of 
a  great  variety  of  systems,  employing  more  or  less  complicated 
circuits  and  apparatus,  and  although  alternating  current  practice 
is  still  much  less  definite  than  direct  current  work,  certain 
polyphase  systems  are  now  being  generally  accepted  as  repre- 
senting the  highest  standards  of  power  generation,  transmission 
and  distribution. 


t^BCC^ 


af£fc^  should  be  made  according  to  several  v** 
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1.  With  respect  to  the  arrangement  of  the  circuit,  a* 

a.  Series; 

b.  Parallel; 

c.  Series  parallel; 

d.  Parallel  series. 

2.  With  respect  to  transformation,  as 

Transformer; 

3.  With  respect  to  the  mode  of  transmitting  the  energy,  as 

a.  Constant  pressure; 

b.  Constant  current. 

4.  With  respect  to  the  kind  of  current,  as 

o.Singlephase     {  gJjS&i 


b.  Monocyclic 
t.  Two  phase 


d.  Three  phase 


{four  wire; 
three  wire; 
five  wire; 

I  six  wire; 
three  wire; 
four  wire; 
Bt.nr  pnnn*rt!nn« 


star  connection; 
delta  connection; 
star  delta  cnnnection; 
delta  star  connection; 


e.  Multi-phase       {  $£%»% 

5.  With  respect  to  transmission  and  distribution,  as 

a.  Frequency  changing; 

b.  Phase  changing; 

c.  Converter; 

d.  Rectifier. 

Jh  order  to  comprehend  the  relative  advantages  of  the  various 
•fosmatine  current  systems,  it  is  first  necessaxy  \o  \mtes&asx& 
/7***  o/  **<#»•  summation. 
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Vector  Summation. — This  is  a  simple  geometrical  process 
for  ascertaining  the  pressure  at  the  free  terminals  of  alternating 
current  circuits.     The  following  laws  should  be  carefully  noted: 

1.  If  two  alternating  pressures  which  agre?  in  phase  are  con- 
nected together  in  series,  the  voltage  at  the  free  terminals  of  the 
circuit  will  be  equal  to  their  arithmetical  sum,  as  in  the  case  of 
direct  currents. 


B 


Pig.  2,123. — Vectors.  A  vector  is  defined  as:  a  line,  conceived  to  have  both  a  fixed  length  and 
a  fixed  direction  in  space,  but  no  fixed  position.  Thus  A  and  B  are  lines,  each  having  a 
fixed,  length,  but  no  fixed  direction.  By  adding  an  arrow  head  the  direction  is  fixed  and 
the  line  becomes  a  vector,  as  for  example  vector  C.  The  fixed  length  is  usually  taken 
to  represent  a  definite  force,  thus  the  fixed  length  of  vector  C  is  4.7  which  may  be  used 
to  represent  4.7  lbs.,  4.7  tons,  etc.,  as  may  be  arbitrarily  assumed. 


When  there  is  phase  difference  between  the  two  alternating 
pressures,  connected  in  series,  the  following  relation  holds: 

2.   The   value   of  the   terminal    voltage   will   differ  from   their 
arithmetical  sum,  depending  on  the  amount  of  their  phase  difference. 

When  there  is  phase  difference,  the  value  of  the  resultant  is  con-  - 
veniently  obtained  as  explained  below. 

Ques.    How  are  vector  diagrams  constructed  for  obtain- 
ing resultant  electric  pressure? 

Ans.    On  the  principle  of  the  parallelogram  oj  Jorces. 
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Que*.  What  is  understood  by  the  parallelogram  of 
forces? 

Ans.  It  is  a.  graphical  method  of  finding  the  resultant  of 
two  forces,  according  to  the  following  law:  If  two  forces  acting 
on  a  point  Be  represented  in  direction  and  intensity  by  adjacent 
sides  of  a  parallelogram,  their  resultant  will  be  represented  by  the 
diagonal  of  the  parallelogram  which  passes  through  the  point. 

Thus  in  fig.  2,124,  let  OA  and  OB  represent  the  intensity  and  direction 
of  two  fon«s  acting  at  the  point  O.  Draw  AC  and  Be,  respectively 
parallel  to  OB  and  OA,  completing  the  parallelogram,  then  will  Ou, 


A^r 


FlG.  2.124. — Parallelogram  of  forces.  OC  is  the  resultant  of  the  two  forces  OA  and  OB.  The 
length  and  direction  of  the  lines  represent  the  intensity  and  direction  of  the  respective 
forces,  the  construction  being  explained  in  the  accompanying  text. 


the  diagonal  from  the  point  at  which  the  forces  act,  represent  the 
intensity  and  direction  of  the  resultant,  that  is,  of  a  force  equivalent 
to  the  combined  action  of  the  forces  OA  and  OB,  these  forces  being 
called  the  components  of  the  force  OC. 


Ques.    Upon  what  does  the  magnitude  of  the  resultant 
of  two  forces  depend? 

Ans.     Upon  the  difference  in  directions  in  which  they  act 
shown  la  figs  2,125  to  2,128. 
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Quea.  Is  the  parallelogram  of  forces  applied  when  the 
difference  in  direction  or  "phase  difference"  of  two  forces 
is  90  degrees? 

Ans.  It  is  sometimes  more  conveniently  done  by  calculation 
according  to  the  law  of  the  right  angle  triangle. 


o 

163  DEORFXS 


^6 


120  0E0RECS 


tOOCOREES 


Figs.  2,125  to  2,128.— Parallelograms  of  forces  showing  increase  in  magnitude  of  the  resultant 
of  two  force*,  as  their  difference  of  direction,  or  electrically  speaking,  their  phase  differ- 
ence is  diminished.  The  diagrams  show  the  growth  of  the  resultant  of  the  two  equal 
forces  OA  and  OB  as  the  phase  difference  is  reduced  from  l(Ur  successively  to  120,  60, 


According  to  this  principle,  if  two  alternating  pressures  have  a  phase 
difference  of  90  degrees  they  may  be  represented  in  magnitude  and 
direction  by  the  two  sides  of  a  right  angle  triangle  as  OA  and  OB  in 
jC_  2,129;  then  will  the  hypotenuse  AB  represent  the  magnitude  and 
"^ — l  of  the  resultant  pressure.  That  is  to  say,  the  resultant  pressure 


ABm  VaP+QS*  f    f    %    %    %     qfe 
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EXAMPLE. — A  two  phase  alternator  is  wound  for  300  volts  on  one 
phase  and  200  volts  on  the  other  phase,  the  phase  difference  being  90°. 
If  one  end  of  each  winding  were  joined  so  as  to  form  a  single  winding 
around  the  armature,  what  would  be  the  resultant  pressure? 

By  calculation,  substituting  the  given  values  in  equation  (1), 


Resultant  pressure  -  V3002+200*=  V130.000  =360.6  volts. 

This  is  easily  done  graphically  as  in  fig.  2,129  by  taking  a  scale,  say, 
1"  =  100  volts  and  laying  off  OA=3"=300  volts,  and  at  right  angles 
OB -2" -200  volts,  then  by  measurement  AB=  3.606" =360.6  volts. 


300  VOLTS 


PlG.  2,120. — Method  of  obtaining  the  resultant  of  two  component  pressures  acting  at  right 
angles  by  solution  of  right  angle  triangle.  The  equation  of  the  right  angle  triangle  is 
explained  at  length  in  Guide  No.  5,  page  1,070. 


Ques.  When  the  two  pressures  are  equal  and  the 
phase  difference  is  90°,  is  it  necessary  to  use  equation  (l) 
to  obtain  the  resultant? 

Ans.  No.  The  resultant  is  obtained  by  simply  multiplying 
one  of  the  pressures  by  1.41. 

This  is  evident  from  fig.  2,130.    Here  the  two  pressures  OA  and  OB 
&r&  equal  as  indicated  by  the  dotted  arc.    Since  they  act  at  right  angles, 
£fIS  <*™  wnat90o  to  OA.    According  to  the  equation  oi  tVve  «&&  wa&* 

*  ^^ajj%resu/tant  ^8=  Vlf+i»-  V2- 1.4142  ^a<&  orianafks 


j& 
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This  value  will  always  represent  the  ratio  between  the  magnitude  of  the 
resultant  and  the  two  component  forces,  when  the  latter  are  equal,  and  have  a 
phase  difference  of  90  degrees. 

Forms  of  Circuit. — Alternating  current  systems  of  dis- 
tribution may  be  classed,  with  respect  to  the  kind  of  circuit 
used,  in  a  manner  similar  to  direct  current  systems,  that  is,  they 

B 


A  I 

PlC  2,130. — Diagram  for  obtaining  the  resultant  of  two  equal  component  pressures  acting 
at  right  angle*. 

may  be  called  series,  parallel,  series  parallel,  or  parallel  series 
systems,  as  shown  in  figs.  2,131  to  2,134. 

Series  Circuits.-  These  are  used  in  arc. lighting,  and  serve*  m- 
candescent fighting,  a  constant  current  being  maintained;  d»ta 
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constant   current   motors  and  generators  supplying  secondary 
circuits. 

Several   forms  of   constant  current  alternator,  analogous  to 
the  Thompson-Houston  and  Brush  series  arc  dynamos,  have 

M X *- K- 
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Pigs.  2,131  to  2,134. — Various  forms  of  circuit.  These  well  known  forms  of  circuit  are  used 
in  both  alternating  and  direct  current  systems.  The  simple  series  circuit,  fig.  2,131.  is 
suitable  for  constant  current  arc  lighting.  Pig.  2,132.  shows  the  parallel  constant  pressure 
circuit;  this  form  of  circuit  is  largely  used  but  is  seldom  *  onnected  direct  to  the  alter- 
nator terminals,  but  to  a  step  down  transformer,  on  account  of  the  low  pressure  gener- 

m))s-  required.    Pig.  2,133  illustrates  a  parallel  aeries  circuit,  and  2,134,  a  tenet  parallel 
cwmft. 
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itroduced.  In  the  design  of  such  alternators  self-induction 
mature  reaction  are  purposely  exaggerated;  so  that  the 
z  does  not  increase  very  much,  even  when  the  machine 
rt  circuited.  With  this  provision,  no  regulating  device 
lired. 


«  ud  Annipoli  ■  >hort  Kne,  A  i 


objectionable  feature  is  that  the  voltage  of  a  constant 
.t  alternator  will  rise  very  high  if  the  circuit  be  opened, 
if.  it  is  then  relieved  of  inductance  drop  and  armature 


guard  against  a  dangerous  rise  of  voltage,  a  film  cut  out  or 
dent  device  is  connected  to  the  terminal  of  each  macbinfi  wa 
:  wJDabatf  circuit  the  latter  if  th$  voltage  TW  Vr^MJ)^ 
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Ques.  What  advantage  have  constant  current  alter- 
nators over  constant  current  dynamos? 

Ans.  The  high  pressure  current  is  delivered  to  the  external 
circuit  without  a  commutator,  hence  there  is  no  sparking 
difficulty. 

The  above  relates  to  the  revolving  field  type  of  alternator.  There  are, 
however,  alternators  in  which  the  armature  revolves,  the  current  being 
delivered  to  the  external  circuit  through  collector  rings  and  brushes. 
This  type  of  alternator,  it  should  be  noted,  is  for  moderate  pressures, 
and  moreover  there  is  no  interruption  to  the  flow  of  the  current  such  as 
would  be  occasioned  by  a  tangential  brush  on  a  dynamo  in  passing  from 
one  commutator  segment  to  the  next. 

In  the  revolving  Held  machine,  though  the  armature  current  be  of  very 
hijgh  pressure,  the  field  current  which  passes  through  the  brushes  and 
slip  rings  is  of  lo**  pressure  and  accoraingly  presents  no  transmission 
difficulties. 


VOLTMETER  gg 


AMPERES 


ft      ft       ft       ft       ft 


Pig.  2,186.— Diagram  of  parallel  circuit.  It  is  a  constant  Pressure  circuit  and  is  very  widely 
used  for  lighting  and  power:  If  each  lamp  take  say  y%  ampere,  the  current  flowing  in 
the  circuit  will  vary  with  the  number  of  lamp  in  operation;  in  the  above  circuit  with 
all  lamps  on,  the  current  is  H  X  5  —234  amperes. 


Ques.    State  a  disadvantage. 

,     Ans.     Some  source  of  direct  current  for  field  excitation  is 
required. 

Ques.    In  a  constant  current  series  system,  upon  what 
4f<*e»  tAe  voltage  at  the  alternator  depend? 
-Aza     The  number  of  devices  connected  in  \he  6xcoa\.,  <0c*fe 
paired  for  each,  and  the  line  drop. 
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Parallel  Circuits. — These  are  used  for  constant  pressure 
iteration.  Such  arrangement  provides  a  separate  circuit  for 
och  unit  making  them  independent  so  that  they  may  vary  in 
Be  and  each  one  can  be  started  or  stopped  without  interfering 
with  the  others.  Parallel  circuits  are  largely  used  for  incan- 
descent lighting,  and  since  low  pressure  current  is  commonly 
Bed  on  such  circuits  they  are  usually  connected  to  step  down 
,  instead  of  direct  to  the  alternators. 


Parallel  Series  Circuits. — Fig.  2,137  shows  the  arrange- 
ment of  a  parallel  scries  circuit  and  the  pressure  conditions  in 
same.  Such  a  circuit  consists  of  groups  of  two  or  more  lamps 
or  other  devices  connected  in  parallel  and  these  groups  con- 
nected in  series. 

Such  a  circuit,  when  used  for  lighting,  obviously  has  the 
disadvantage  that  if  a  lamp  filament  break,  the  resistance  of 
the  group  is  increased,  thus  reducing  the  current  and  decreaa- 

toS  any  of  the  lights. 
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Series  Parallel  Circuits. — The  arrangement  of  circuits  a 
this  kind  is  shown  in  fig.  2,134;  they  are  used  to  economize  it 
copper  since  by  joining  groups  of  low  pressure  lamps  in  seriej 
they  may  be  supplied  by  current  at   correspondingly  highes 


Thus,  if  in  fig.  2,134,  110  volt,  J^  ampere  lamps  be  used,  the  predsun 
on  the  mains,  that  is,  between  any  two  points  as  A  and  fi  would  bi 
110X3—330  volts.  Each  group  would  require  lA  ampere  and  thi 
five  groups  J^X5  =2  ^amperes. 


t»  weighted  with 


mi  of  the  Southern  Power  Co 
,  Duut  of  structural  »teel.  their  height 
,000  pound*  each.     These  polo  have 


Transformer  Systems. — Nearly  all  alternating  current 
systems  are  transformer  systems,  since  the  chief  feature  of 
alternating  current  is  the  ease  with  which  it  may  be  transformed 
from  one  pressure  to  another.  Accordingly,  considerable 
economy  in  copper  may  be  effected  by  transmitting  the  current 
at  high  pressure,  especially  if  the  distance  he  great,  and,  by 
means  of  step  down  transformers:  reducing  the  voltage  at  points 
f^ene  tie  current  is  tiBOd  or  distributed. 


f 
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P'Ordinarilv  and  for  lines  of  moderate  length,  current  is  sent 
^  direct  from  the  alternator  to  the  line  and  transformed  by 
down  transformers  at  the  points  of  application. 

With  respect  to  the  step  down  transformers,  there  are  two 
igements: 

»|  L  Individual  transformers; 

tit- 1 

2.  One  transformer  for  several  customers. 


i      he  2.139. — Diagram  of  transformer  system  with  individual  transformers.    The  efficiency  is 
km.  but  such  method  of  distribatiou  is  necessary  in  sparsely  settled  or  rural  districts. 


Individual  transformers,  that  is,  a  separate  transformer  for 
each  customer  is  necessary  in  rural  districts  where  the  inter- 
vening distances  are  great  as  shown  in  fig.  2,139. 


Ques.    What  are  the   objections   to  this  method  of 
distribution? 

Aiis.    It  requires  the  use  of   small  transformers  which  ar*- 
necessarily  less  efficient  and  more  expensive  per  kilowatt  ths 
large  transformers.     The  transformer  must  be  built  to  carr, 
within  its  overload  capacity,  all   the  lamps  installed  by  th 
since  all  may  be  used  occasionally. 
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Usually,  however,  only  a  small  part  of  the  lamps  are  in  use,  and 
those  only  for  a  small  part  of  the  day,  so  that  the  average  load  on  the 
transformer  is  a  very  small  part  of  its  capacity.  Since  the  core  loss 
continues  whether  the  transformer  be  loaded  or  not,  but  is  not  paid 
for  by  the  customer,  the  economy  of  the  arrangement  is  very  low. 

In  the  second  case,  where  one  large  transformer  may  be  placed  at 
a  distribution  center,  to  supply  several  customers,  as  in  fig.  2,140,  the 
efficiency  of  the  system  is  improved. 


Ques.    Why  is  this  arrangement  more  efficient  than 
when  individual  transformers  are  used? 
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Pig.  2.140. — Diagram  of  transformer  system  with. one  transformer  located  at  a  distribution 
center  and  supplying  several  customers  as  A,  B,  and  C.  Such  arrangement  is  consider- 
ably more  efficient  than  that  shown  in  fig.  2,139,  as  explained  in  the  accompanying  text. 

Ans.     Less  transformer  capacity  is  required    than  with  in- 
dividual transformers. 

Ques.    Why  is  this? 

•">  Ans.  With  several  customers  supplied  from  one  transformer 
it  is  extremely  improbable  that  all  the  customers  will,  burn  all 
their  lamps  at  the  same  time.  It  is  therefore  unnecessary  to 
install  a  transformer  capable  of  operating  the  full  load,  as  is 
necessary  with  individual  transformers. 

Ones.    Does   the  difference  in   transforms*    ca$fe£&3 
present  au  the  saving? 
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Ans.     No;    one  large  transformer  is  more   efficient  than  a 
number  of  small  transformers. 

Que*.    Why? 

Ans.     The  core  loss  is  less. 

For  instance,  if  four  customers  having  20  lamps  each  were  supplied 
from  a  single  transformer,  the  average  load  would  be  about  8  lamps, 
and  at  most  not  over  10  or  15  lamps,  and  a  transformer  carrying  30  to 
35  lamps  at  over  load  would  probably  be  sufficient.  A  1,500  watt 
transformer  would  therefore  be. larger  than  necessary.    At  3  per  cent. 
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Fig.  2,141. — Diagram  illustrating  the  use  of  step  up  and  step  down  transformers  on  long  dis- 
tance transmission  lines.  The  saving  in  copper  is  considerable  by  employing  extra  high 
voltages  on  lines  of  moderate  or  great  length  as  indicated  by  the  relative  sizes  of  wire. 

core  loss,  this  gives  a  constant  loss  of  45  watts,  while  the  average  load 
of  8  lamps  for  3  hours  per  day  gives  a  useful  output  of  60  watts,  or  an 
all  year  efficiency  of  nearly  60  per  cent.,  while  a  1,000  watt  transformer 
would  give  an  all  year  efficiency  of  67  per  cent. 

For  long  distance  transmission  lines,  the  voltage  at  the  alternator 
is  increased  by  passing  the  current  through  a  step  up  transformer, 
thus  transmitting  it  at  very  high  pressure,  and  reducing  the  voltage 
at  the  points  of  distribution  by  step  down  transformers  as  in  fig.  2,141. 


Ques.    In  practice,  would  such  a  system  as  shown  in 
fig.  2,141  be  used? 

Ans.    If  the  greatest  economy  in  copper  were  aimed  sfc,,> 

three  phase  system  would  be  used. 


.V..S-* 
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The  purpose  of  fig.  2.J41  is  to  show  the  importance  of  the  trans- 
former in  giving  a  flexibility  of  voltage,  by  which  the  cost  of  the  line  is 
reduced  to  a  minimum. 

Ques.  Does  the  saving  Indicated  in  fig.  2,141  represent 
a  net  gain? 

Ans.  No.  The  reduction  in  cost  of  the  transmission  is 
partly  offset  by  the  cost  of  the  transformers  as  well  as  by  trans- 
former losses  and  the  higher  insulation  requirements. 


—    _nale  and  twin  circuit  pole*  (Southern  Pow 

right  ii  mod  for  1 1.000  volt  circuit!,  while  the  bur'- 
volt  conductors,  being  med  on  another  division  ft 

Every  case  of  electric  transmission  presents  its  own  problem,  and 
needs  thorough  engineering  study  to  intelligently  choose  the  system  best 
adapted  for  the  particular  case. 


Single  Phase  Systems. — There  are  various  arrangements 
for  transmission  and  distribution  classed  as  single  phase  systems. 
22ius.  magle  phase  current  may  be  conveyed  to  the  various 
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receiving  units  by  the  well  known  circuit  arrangements  known  as 
series,  parallel,  series  parallel,  parallel  series,  connections  pre- 
viously described  and  illustrated  in  figs.  2,131  to  2,134. 

Again  single  phase  current  may  be  transmitted  by  two  wires 
and  distributed  by  three  wires.  This  is  done  in  several  ways, 
the  simplest  being  shown  in  fig.  2,143. 


ME  OISTBIDUTION 


Pic  2.143- — Diana  Ufarttmtlrrf  tingle  phut 
tioo.  The  amplified  three  —I"  •««•■* 
very  little  umialaiuint.    W 


Ques.  Under  what  conditions  Is  the  arrangement 
shown  In  fig.  2,143  desirable? 

Ans.  This  method  of  treating  the  neutral  wire  is  only  per- 
missible where  there  is  very  little  unbalancing,  that  is,  where 
the  load  is  kept  practically  the  same  on  both  sides  of  the  neutral. 

Ques.  What  advantage  is  obtained  by  three  wire 
distribution? 

Ans.    The  pressure  at  the  aJternator  can  be  doubled,  ■wbicb, 
t  Ar*gipea  number  of  lamps,  that  the  current  \s  rediiae* 


ttmndari  tptn  u  BOO  rest,  toft  11  ft  it  50*  Fahr. 


to  half,  the  permis- 
sible drop  may  be 
doubled,  the  resist- 
ance of  the  wires 
quadrupled,  and  their 
cost  reduced  nearly 
75  per  cent. 

Ques.  What 
modification  of  cir- 
cuit A  (fig.  2,143), 
should  be  made  to 
allow  for  unbalanc- 
ing In  the  three 
wire  circuit? 

Ans.  An  auto- 
transformer  or  "bal- 
ance coil"  as  it  is 
sometimes  called 
should  be  used  as  at  8. 

This  is  a  very  desir- 
able method  of  balanc- 
ing when  the  ratio  of 
transformation  is  not 
too  large. 

Ques.  For  what 
service  would  the 
system  shown  in 
fig.  2,143  be  suit- 
able? 

Ans.  For  short 
distance  transmis- 
sion, as  for  instance,  ia 
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the  case  of  an  isolated  plant  because  of  the  low  pressure  at 
which  the  current  is  generated. 


Que*.    In  practice  are  single  phase  alternators  used 
as  indicated  In  fig.  2,143? 

Ans.     Alternators  are  wound  for  one,  two  or  three  phases. 
Three  phase  machines  are  more  commonly  supplied  and  in 


&, 


JRGiSar '  -  "■  9PTT  -i  F 


The  illustration  reprt 
tiling  of  the  d veiling,  1 
•il  ■  low  voltage  dynajnc 


Fig.  2.145—  View  of  a  typical  isolated  plan 
lighting  plant  on  n  fans  snowing  tor  1 
and  pump  house.  The  installation  consist 
drive  and  storage  battery  together  with  the 

many  cases  it  will  pay  to  install  them  in  preference  to  single 
phase,  even  if  they  be  operated  single  phase  temporarily. 

For  a  given  output,  three  phase  machines  are  smaller  than  single  phase 
and  the  single  phase  load  can  usually  be  approximately  balanced  between 
the  three  phases.  Moreover,  if  a.  three  phase  machine  be  installed, 
polyphase  current  will  be  available  in  case  it  may  be  necessary  to  operate 
polyphase  motors  at  some  future  time. 

Standard  three  phase  alternators  will  carry  about  70  per  cent,  of 
their  rated  kilowatt  output  when  operated  single  phase,  with  the  saora 
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Que*.    How  are  three  phase  alternators  used  for  f7 
phase  circuits  ? 

Ans.    The  single  phase  circuit  is  connected  to  any  two  oi 
three  phase  terminal  leads.  4 

Ques.    What  form  of  single  phase  system  shouUJ 
used  where  the  transmission  distance  is  considerable! 

Ans.     The  current  should  be   transmitted  at  high  press 
a  step  down  transformer  being   placed   at   each   distribc 
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Pic  2,146. — Diagram  showing  arrangement  of  single  phase  system  for  two  wire  transt 
and  three  wire  distribution,  where  the  transmission  distance  is  considerable.    In 
to  reduce  the  cost  of  the  transmission  line,  the  current  must  be  transmitted  at  nig 
sure;    this  necessitates  the  use  of  a  step  down  transformer   at  the  distributing 
as  shown  in  the  illustration. 


w 


center  to  reduce  the  pressure  to  the  proper  voltage  to  suit 
service  requirements  as  shown  in  fig.  2,146. 

Thus,  if  110  volt  lamps  be  used  on  the  three  wire  circuit,  the  pn 
between  the  two  outer  wires  would  be  220  volts.  A  transfonr 
ratio  of  say  10:1  would  give  2,220  volts  for  the  primary  circuit, 
current  required  for  the  primary  with  this  ratio  being  only  .1 
used  in  the  secondary,  a  considerable  saving  is  effected  in  the  cost  < 
transmission  line  as  must  be  evident. 

With  the  high  pressure  alternator  only  one  transformation  c 
current  is  needed,  as  shown  at  the  distribution  end. 

In  place  of  the  high  pressure  alternator,  a  low  pressure  alter 

could  be  used  in  connection  with  a  step  up  transformer  as  sho^ 

fig.  2,147,  but  there  would  be  an  extra  loss  due  to  the  additional  1 

former,  rendering  the  system  less  efficient  than  the  one  shown  i 

£J4d.    Such  an  arrangement  as  shown  in  the  fig.  2,143  TmgJkVtoya 
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I  the  case  of  a  station  having  a  low  pressure  alternator  already  in  use 
tr  iid  it  should  be  desired  to  transmit  a  portion  of  the  energy  a  consider- 
'  le  distance. 

~°*es.    How  could  the  system  shown  in  fig.  2,147  be 
more  efficient  than  that  of  fig.  2,146. 

By  using  a  high  pressure  alternator  in  order  to  con- 
>ly  increase  the  transmission  voltage. 

Thus,  a  2,200  volt  alternator  and  1:10  step  up  transformer  would 

S've  a  line  pressure  of  22,000  volts,  which  at  the  distribution  end  could 
i  reduced,  to  220  volts  for  the  three  wire  circuit,  using  a  100:1  step 
down  transformation. 


THREE  WIRE  OtSTRIftmON 
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.2,147. — Diagram  illustrating  how  electricity  can  be  economically  transmitted  a  consid- 
erable distance  with  low  pressure  alternator  already  in  use. 


Que*.    Would  this  be  the  best  arrangement  ? 

Ans.     No. 

Ques.  What  system  would  be  used  in  practice  for 
taximum  economy? 

Ans.     Three  phase  four  wire. 

Ques.  What  are  the  objections  to  single  phase  gen- 
atfcm  and  transmission? 

Ans.  It  does  not  permit  of  the  use  of  synchronous  con- 
rters,  self-starting  synchronous  motors,  or  induction  motor 
trting  under  load     It  is  poorly  adapted  to  general  power 
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distribution,  hence  it  is 
open  to  grave  objections 
of  a  commercial  nature 
where  there  exists  any 
possibility  of  selling  power 
or  in  any  way  utilizing  it 
for  general  converter  and 
motor  work. 

Ques.  For  what  ser- 
vice is  it  desirable? 

Ans.  For  alternating 
current  railway  operation. 

There  arc  advantages  of 
simplicity    in    the    entire 

Meliorating,  primary,  and 
secondary  distribution  sys- 
tems for  single  phase  roads. 
These  advantages  are  so 
treat  that  they  justify  con- 
siderable expense,  looked 
;it  from  the  railway  point 
i.t  view  only,  the  single 
phase  system  throughout 
nmy  be  considered  as  offer- 
ing the  most  advantage. 

Ques.  What  are  the 
objectionable  features 
of  single  phase  alter- 
nators ? 

Ans.  This  typo  of  alter- 
nator has  an  unbalanced 
armature  reaction  which 
is  the  cause  of  consider- 
able flux  variation  in  the 
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idd    pole    tips    and   in    fact    throughout    the    field    struct- 
ure. 

In  order  to  minimize  eddy  currents,  such  alternators  must 
accordingly  be  built  with  thinner  laminations  and  frequently 
toorer  mechanical  construction,  resulting  in  increased  cost  of 
he  machine.  The  large  armature  reaction  results  in  a  much 
KXrrer  regulation  than  that  obtained  with  three  phase  alter- 
nators, and  an  increased  amount  of  field  copper  is  required,  also 
arger  exciting  units.     These   items  augment  the  cost  so  that 
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FREQUENCY  60 
REQUIRES  PER  VOLT 
3*00  RPM. 
27.777  LINES  OF  FORCE 


FREQUENCY  25 
REQUIRES  PER  VOLT 
1,500  RPM. 
66.666  LINE5  OF  FORCE 


2,149. — Elementary  alternator  developing  one  volt  at  frequencies  of  60  and  25,  showing 
the  effect  of  reducing  the  frequency.  Since  for  the  same  number  of  pole,  the  R .  P.  N! . 
have  to  be  decreased  to  decrease  the  frequency,  increased  flux  is  required  to  develop  t'ic 
same  voltage.  Hence  In  construction,  low  frequency  machines  require  larger  magnets, 
increased  number  of  turns  in  series  on  the  armature  coils,  larger  exciting  units  as  compared 
with  machines  built  for  higher  frequency. 

the  single  phase  machine  is    considerably  more  expensive  than 
the  three  phase,  of  the  same  output  and  heating. 

Ques.    What  factor  increases   the  difficulties  of  single 
phase  alternator  construction? 

Ans.    The  difficulties  appear  to  increase  with  a  decrease  in 
Erequency. 

The  adoption  of  any  lower  frequency  than  25  cycles  may  result  in 
serious  difficulties  in  construction  for  a  complete  line   of   machine, 
especially  those  of  the  two  or  four  pole  turbine  driven  type  vite  tiie, 
field  BuxJm  very  large  per  pole. 
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Monocyclic  System. — In  this  system,  which  is  due  to  I. 
Steinmetz,  the  alternator  is  of  a  special  type.  In  construction, 
there  is  a  main  single  phase  winding  an  auxiliary  or  teaser 
winding  connected  to  the  central  point  of  the  main  winding  in  I' 
quadrature  therewith. 

The  teaser  coil  generates  a  voltage  equal  to  about  25  per  cent,  of 
that  of  the  main  coil  so  that  the  pressure  between  the  terminals 
of  the  main  coil  and  the  free  end  of  the  teaser  is  the  resultant 
of  the  pressure  of  the  two  coils. 

POLYPHASE   MOTW 


MONOCYCLIC 
ALTtlWATOH 


MAW  WIRE 


TEASER  WIRE 


Vh 


MAIN  WIRE 


Fig.  2,150. — Diagram  of  monocyclic  system,  showing  lighting  and  power  circuits. 

By  various  transformer  connections  it  is  possible  to  obtain 
a  practically  correct  three  phase  relationship  so  that  polyphase 
motors  may  be  employed. 

In  this  system,  two  wires  leading  from  the  ends  of  the  single 
phase  winding  in  the  alternator  supply  single  phase  current 
to  the  flighting  load,  a  third  wire  connected  to  the  end  of  the 
teaser  being  run  to  points  where  the  polyphase  motors  are 
installed  as  shown  in  fig.  2,150. 

The  monocyclic  system  is  described  at  length  in  the  chapter 
go  alternators.  Guide  No.  5,  pages,  1.156  to  1,\5». 
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Two  Phase  Systems. — A  two  phase  circuit  is  equivalent  to 
two  single  phase  circuits.  Either  four  or  three  wire  may  be 
employed  in  transmitting  two  phase  current,  and  even  in  the 
latter  instance  the  conditions  are  practically  the  same  as  for 
single  phase  transmission,  excepting  the  unequal  current  dis- 
tribution in  the  three  wires.  Fig.  2,151  shows  a  two  phase 
four  wire  system. 


Ques.    For  what  service  is  the   system   shown  In  fig. 
2,151  desirable? 

Ans.     It  is  adapted  to  supplying  current  for  lighting  and 
power  at  moderate  or  short  distances. 

Elba-  HO  or  220  volts  are  ordinarily  used  which  is  sui\ab\>  l« 


1,566 


HAWKINS  ELECTRICITY 


Ques.  Where  current  for  both  power  and  light  are 
obtained  from  the  same  source  how  should  the  circuit* 
be  arranged? 

Ans.    A  separate  circuit  should  be  employed  for  each,  in 
order  to  avoid  the  objectionable  drop  and  consequent 
of  the  lights  due  to  the  sudden  rush  of  current  during  the ; 
of  a  motor. 


Disagreeable  fluctuation  of  the  lights  are  always  met  with  when 
motors  are  connected  to  a  lighting  circuit  and  the  effect  is  more  marked  ' 
with  alternating  current  than  with  direct  current,  because  most  types  cl 
alternating  current  motor  require  a  heavy  current  usually  lagging  con- 
siderably when  starting.  This  not  only  causes  a  large  drop  on  the 
line,  but  also  reacts  injuriously  upon  the  regulation  of  transformers 
and  alternators,  their  voltage  falling  much  more  than  with  an  equal 
non-inductive  load. 


Ques.    What  voltages  are  ordinarily  used  on  two  phase 
/Aies  of  more  than  moderate  length? 
""**     For  transmission  distances  of  more  itascoA'wo.  or.'&Hsa 
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miles,  pressures  of  from  1,000  to  2,000  volts  or  more  are  em- 
ployed to  economize  in  copper.  For  long  distance  transmission 
of  over  fifty  miles,  from  30,000  to  100,000  volts  and  over  are  used. 

Que*.    For  long  distance    transmission  at  30,000  to 
40,000  volts,  what  additional  apparatus  is  necessary  ? 

Ana.     Step  up  and  step  down  transformers. 


100  AMPCRES 


2,1  S3. — Diagram  illustrating  two  phase  three  wire  transmission.    The  third  wire  C  is 
attached  to  the  connector  between  one  end  of  phase  A,  and  phase  B  windings. 


!  Ques.  Explain  the  rtiethod  of  transmitting  two  phase 
current  with  three  wires. 

Ans.  The  connections  at  the  alternator  are  very  simple  as 
shown  in  fig.  2,152.  One  end  of  each  phase  winding  is  connected 
by  the  brushes  a  and  b\  to  one  of  the  circuit  wires,  that  is  to 
A  and  B  respectively.  The  other  end  of  each  phase  winding  is 
connected  by  a  lead  across  brushes  a'  and  b,  to  which  the  third 
wire  C  is  joined. 

The  current  and  pressure  conditions  of  this  system  are  represented 
diagramatically  in  tig.  2,153.    The  letters  correspond  to  \hosfc  \a  ^. 
%l$X  *M*  "b*d*  &  should  bfi  compared. 
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As  shown  in  the  figure  each  coil  is  carrying  100  amperes  at  1,000 
volts  pressure.     Since  the  phase  difference  between  the  two  coils  is 

90°,  the  voltage  between-  A  and  B  is   V2  — 1.414  times  that  between 
either  A  or  B  and  the  common  return  wire  C 

The  current  in  C  is  V2  — 1.414  times  that  in  either  outside  wire  A  or 
B,  as  indicated. 

Ques.    How  should  the  load  on  the  two  phase  three 
wire  system  be  distributed? 

Ans.    The  load  on  the  two  phases  must  be  carefully  balanced 

TWO  PHASE 

induction  Hem* 


TWO  PHASE 
LOW  PRESSURE 
ALTERNATOR 


TWO  PHASE 


THREE  WIRE 


TRANSMISSION 


«.  S»N«*  P«A3*  MOTORS 

Pig.  2,154.— Diagram  of  two  phase  three  wire  ayitem  and  connections  for  motors  and  Ugh* 

ing  circuits. 

Ques.    Why  should  the  power  factor  be  kept  high? 

Ans.  A  high  power  factor  should  be  maintained  in  order  to 
keep  the  voltage  on  the  phases  nearly  the  same  at  the  receiving 
ends. 

Ques.    How  should  single  phase  motors  be  connected 
and  rr/tat  precaution  should  be  taken? 

^    Single  phase  motors  may  be  cotuasste&  V>  «&*x  <at 
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both  phases,  but  in  such  cases,  no  load  should  be  connected 
between  the  outer  wires  otherwise  the  voltages  on  the  different 
phases  will  be  badly  unbalanced. 

Fig.  2,154  shows  a  two  phase  three  wire  system,  with  two  wire  and 
three  wire  distribution  circuits,  illustrating  the  connection  for  lighting 
and  for  one  and  two  phase  motors. 


Ques.    Describe  another  method  of  transmission  and 
distribution  with,  two  phase  current. 

Ans.     The  current  may  be  transmitted  on  a  four  wire  circuit 
■and  distributed  on  three  wire  circuit  as  in  fig.  2,155. 

The  four  wire  transmission  circuit  is  evidently  equivalent  to  two 
independent  single  phase  circuits. 

In  changing  from  four  to  three  wires,  it  is  just  as  well  to  connect  the 
two  outside  wires  A  and  B  together  (fig.  2,152),  as  it  is  to  connect  a' 
end  b.    It  makes  no  difference  which  two  secondary  wires  are  joined 
>  the  other  wires  of  each  transformer  uifi  conncf&A, 
or"  the  neccodary  system. 


aether,  to  long  as 
AW  oattkJe  wiirt 
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Ques.  For  what  service  is  the  two  phase  three  wire 
system  adapted  ? 

Ans.  It  is  desirable  for  supplying  current  of  minimum 
pressure  to  apparatus  in  the  vicinity  of  transformers.  It  is  more 
frequently  used  in  connection  with  motors  operating  from  the 
secondaries  of  the  transformers. 

Ques.  How  should  the  third  or  common  return  wire 
be  proportioned? 

■ 

Ans.  Since  the  current  in  the  common  return  wire  is  41.4  per 
cent,  higher  than  that  in  either  of  the  other  wires  it  must  be  of 
correspondingly  larger  cross  section,  to  keej^.the  foss  fequal. 


Tics.  2,156  and  2,157. — Conventional  diagrams  illustrating  star  and  delta  connected  three  phase 
alternator  armatures. 


* 


Ques.  What  is  the  effect  of  an  inductive  load  on  the 
two  phase  three  wire  system  and  why? 

Ans.  It  causes  an  unbalancing  of  both  sides  of  the  system 
even  though  the  energy  load  be  equally  divided.  The  self- 
induction  pressure  in  one  side  of  the  system  is  in  phase  with 
the  virtual  pressure  in  the  other  side,  thus  distorting  the  cur- 
rent distribution  in  both  circuits. 

Ques.    Describe  the  two  phase  five  wire  system.  | 

Ans.    A  two  phase  circuit  may  be  changed  itota  iovxt  to  &ro 
****&  by  arranging  the  transformer  corrections  aa  mft%.^y»* 
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As  shown,  the  secondaries  of  the  transformers  are  joined  in  ger 
leads  brought  out  from  the  middle  point  of  each  secondary  v 
and  at  the  connection  of  the  two  windings,  giving  five  wires. 

1th  1,000  volts  in  the  -primi 
10: 

and  between-  the  points  and  the  connections  B  or  D  at  the  middle  q 
the  secondary  eons,  60  volts. 

The  pressureacross  the  two  outer  wires  A  and  B  is,  as  in  the  tl 
wire  system,  V2  or  1.41  times  that  from  either  outer  wire  to  the'  » 
die  wire  C,  that  is  141  volts. 

The  pressure  across  the  two  wires  connected  to  the  middle  of  tri 
coils,  that  is,  across  B  and  D,  is  SOX  V2-70.5  volts. 


itod  in  the  diagram. 


Three  Phase  Systems. — There  are  "various  ways  of  ar- 
ranging the  circuit  for  three  phase  current  giving  numerous 
'  three  phase  systems.  (  j  ' 

1.  With  respect  to  the  number  of  wires  used  they  may  be 
classified  as 

a.  Six  wire; 

b.  Pour  wire; 
c  Thrmwim. 
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2.  With  respect  to  the  connections,  as 
a.  Star; 
6.  Delta; 

c.  Star  delta; 

d.  Delta  star. 

The  six  ■wire  system  is  shown  in  fig.  2,160.  It  is  equivalent 
to  three  independent  single  phase  circuits.  Such  arrangement 
would  only  be  used  in  very  rare  instances. 

u 


It  is  equivalent  to  three  independent  rinale  phue 


Ques.    How  can  three   phase  current  be  transmitted 
by  three  conductors? 

Ans.    The  arrangement  shown  in  fig.  2,160  may  be  resolved 
into  three  single  circuits  with  a  common  or  grounded  return. 

When  the  circuits  are  balanced  the  sum  of  the  current  being  zero 
no  current  will  flow  in  the  return  conductor,  and  it  may  be  dispensed 
with,  thus  giving  the  ordinary  star  or  Y  connected  three  wire  circuit, 
■  thorn)  in  tig.  2,163.     The  transformation  from  six  to  three,  wuoh 

-        " — •  TtSgx.  2,101  to  2,163. 
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PHASE  A 
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».  2,101  to  2,103. — Evolution  of  the  three  phase  three  wire  system.  Fig.  2.101  It  a  coo- 
ventional  diagram  of  the  three  phase  six  wire  system  shown  in  fig.  2.160.  A  wire  ie  con- 
nected to  both  ends  of  each  phase  winding,  giving  six  conductor,  or  three  independent 
two  wire  circuits.  In  place  of  the  wires  running  from  A.  B,  and  C,  they  may  be  removed 
and  each  circuit  provided  with  a  ground  return  as  shown  in  fig.  2.102  •  Toe  mm  of  the 
three  currents  being  eero,  or  nearly  xero,  according  to  the  degree  of  onbalaoctog.  the 
frvtuut  return  may  Be  eliminated  and  the  ends  A,  B,  and  C  of  the  three 

connected,  mm  in  ng.  2.163,  giving  the  so  called  Utr  #oi«i. 
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Ques.    What  are  the  pressure  and  current  relations 
of  the  star  connected  three  wire  system? 

Axis.     These  are  shown  in  the  diagram,  fig.  2,166  and  2,167 


<*>anacud  alternator,  and  caavcstoint  «i»w" 


HAWKINS  ELECTRICITY 


Assuming  100  amperes  and  1.000  volts  in  each  phase  winding,  the 
pressure  between  any  two  conductors  is  equal  to  the  pressure  in  one 
winding  multiplied  by  V3,  that  is  1,000X1.732-1,732  volts. 

The  current  in  each  conductor  is  equal  to  the  current  in  the  wind- 


Ques.    Describe  the  delta  connection. 

Ans.  In  the  delta  connection,  the  three  phase  coils  are  con- 
nected together  forming  an  endless  winding,  leads  being  brought 
out  from  these  points. 


Ques.    What  are  the   pressure  and  current  relations 
of  the  delta  connected  three  wire  system? 

Ans.    They  are  as  shown  in  fig.  2,169. 

Assuming  100  amperes  and  1,000  volts  In  each  phase  winding,  the 
pressure  between  any  two  conductors  is  the  same  as  the  pressure  in 
the  winding,  and  the  current  in  any  conductor  is  equal  to  the  current 
in  the  winding  multiplied  byV3,  that  ia  100  X  1.732-  173.2 ampere*, 

that  is,  dismgm-ding  the  fraction,  173  amperes. 
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Que*.  What  are  the  relative  merits  of  the  star  and 
delta  connections? 

Ads.  The  power  output  of  each  is  the  same,  but  the  star 
connection  gives  a  higher  line  voltage,  hence  smaller  conductors 
may  be  used. 

When  it  is  remembered  that  the  cost  of  copper  conductors  is  inversely 
as  the  square  of  the  voltage,  the  advantage  of  the  Y  connected  system 
can  be  seen  at  once. 

Assuming  that  three  transformers  are  used  for  a  three  phase  system 

THKCC  PHASE  CURRENT 
TWO     TRANSFORMERS 


QQQQOQQ.OQ.QQQQQQ. 


FsG.  2.170. — T  connection  of  transformers  in  which  three  phase  current  is  transformed  with 
two  transformers.  The  connections  are  clearly  shown  in  the  illustration.  The  voltage 
across  one  transformer  is  only  86.6%  of  that  across  the  other,  so  that  if  each  transformer 
be  designed  especially  for  its  work  one  will  have  a  rating  of  .866EI  and  the  other  EI. 
The  combined  rates  will  then  be  1.866  as  compared  with  1.732  £1  for  three  single  phase 
transformers  connected  either  star  or  delta. 

of  given  voltage,  each  transformer,  star  connected,  would  be  wound 

for  1  +  V3»58%  of  the  given  voltage,  and  for  full  current. 

For  delta  connection,  the  winding  of  each  transformer  is  for  58%  of 
the  current.  Accordingly  the  turns  required  for  star  connection  are 
only  68%  of  those  required  for  delta  connection. 

Que*.    What  is  the  objection  to  the  star  connection 
for  three  phase  work? 

Aha    It  inquires  the  use  of  three  transformers,  and  \l  tt&Y 
ten* happen  to  one,  the  entire  set  is  disabled* 
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Ques.    Does  this  defect  exist  with  the  delta  connection? 

Ans.    No. 


Ques.    Describe  the  T  connection. 

Ana.  In  this  method  two  transformers  are  used  for  trans- 
forming three  phase  current.  It  consists  in  connecting  one 
end  of  both  windings  of  one  transformer  to  the  middle  point  of 
like  windings  of  the  other  transformer  as  in  fig.  2,170. 


Ques.    What  is  the  open  delta  connection? 

Ans.  It  is  a  method  of  arranging  the  connections  of  a  bank 
of  three  delta  connected  transformers  when  one  becomes  dis- 
abled as  in  fig.  2,171. 

Change  of  Frequency. — There  are  numerous  instances 
where  it  is  desirable  to  change  from  one  frequency  to  another, 
as  far  instance  to  join  two  systems  of  different  frequency  which  . 
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nay  supply  the  same  or  adjacent  territory,  or,  in  the  case  of  a 
tm  frequency  installation,  in  order  to  operate  incandescent 
lights  satisfactorily  it  would  be  desirable  to  increase  the  fre- 
quency for  such  circuits.  This  is  done  by  motor  generator  sets, 
the  motor  taking  its  current  from  the  low  frequency  circuit. 

Synchronous  motors     are  generally  used  for  such  service  as 
the  frequency  is  not  disturbed  by  load  changes;  it  also  makes  it 


te>U71-CauM<4  th*>  Scfaau«*tieoke-Sclienect*dY  tranemitson  lino  of  the  Schenectady  Pows 
Co.  Tektranuiiaaion  li™  c*me»  practically  the  entire  output  of  the  Schaghtiooke  power 
be*  to  Schenectady,  N.  Y-.  »  jfcataneeof  approiimately  31  mile*.  The  line  couint 
oftwoKButtatluwuliMa.  *0c>,,;lf.".WOvoltc1rtu.u,™chof  e,000kw.nofm.lCMp»dty. 


«!^SSsSpV— o,  «6cycle.  ItOOOVoffS™^, 

»  circuital  wtart  from  oppoaite  ends  of  the  power  hoi 

Isredby  meana  of  two  terminal  towera,  fig.  3,173.  to  a  tine] 
The  twt>  circuit!  are  carried  on  then  on  oppoaite  enda  of  i 


■tart  from  opposite  enda  of  the  power  home,  and.  after  crossing  the  Hoosic 
tnaaferrcd  byni™.  ™  twojerrninal  towers,  fig.  2.173,  to  a  uti^le  Eneof  trana- 


BRthei  with  ttaa  lightning-  arrester  horn  gap*  and  the  heavybne  i 
on  the  roof  erf  the  power  bouse,  la  shown  in  fig.  2.174.  While  each  circuit  carriea  or,., 
UN  kir.  under  normal  condition*,  either  is  capable  of  carrying  the  entire  output  of  the 
,,,.;™.  L  ,viu,  caaa,  bowwver,  the  line  loaaea  are  necessarily  augioentBl  This  feature 
interruption  of  the  aervice  frum  the  failure  of  one  of  the  circuits.  There  an 
— ■■'       il  oWLict  typaa. 


possible  to  use  the  set  in  the  reverse  order,  that  is,  taking  power 
from  the  high  frequency  mains  and  delivering  energy  at  low 
frequency. 
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Ques.    In  the  parallel  operations  of  frequency  c 
sets  what  Is  necessary  to  secure  equal  division  of  the  load! 

Ans.     The  relative  angular  position  of  the  rotating  e 
of  motor  and  generator  must  be  the  same  respectively  in  e 


FlG.  2,173  —  Beginning  of  Schaghti 


Ques.    How  Is  this  obtained? 

Ans.     Because  of  the  mechanical  difficulty  of   accurately 


xrsK-Wit 
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locating  the  parts,  the 
equivalent  result  is  se- 
cured by  arranging  the 
stationary  element  in 
one  of  the  two  machines 
so  that  it  can  .be  given 
a  small  angular  shift. 


Transformation  of 
Phases.  —  In  alternat- 
ing current  circuits  it  is 
frequently  desirable  to 
change  from  one  num- 
ber of  phases  to  another. 
For  instance,  in  the  case 
of  a  converter,  it  is  less 
expensive  and  more 
efficient  to  use  one  built 
for  six  phases  than  for 
either  two  or  three 
phases. 

The  numerous  con- 
ditions met  with  neces- 
sitate various  phase 
transformations,  as 

1.  Three  phase  to  one 
phase; 

2.  Three  phase  \oVro 
phase; 
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3.  Two  phase  to  six  phase; 

4.  Three  phase  to  six  phase. 

These  transformations  are  accomplished  by  the   numerous 
arrangements  and  combinations  of  the  transformers. 


Pig.  2,175. — Three  phase  to  one  phase  tiansformation  with  two  transformers, 
shows  the  necessary  connections  and  the  relative  pressures  obtained, 


The  diagram 


Three  Phase  to  One  Phase. — This  transformation  may  be 
accomplished  by  the  use  of  two  transformers  connected  as  in 
fig.  2,175  in  which  one  end  of  one  primary  winding  is  connected 
to  the  middle  of  the  other  primary  winding  and  the  second  end 
of  the  first  primary  winding  at  a  point  giving  86.6  per  cent,  of 
that  winding  as  shown.  The  two  secondary  windings  are  joined 
in  series. 


Three  Phase  to  Two  Phase. — The  three  phase  system  is 

universally   used  for  long  distance  transmission,  because  it 

mquires  less  copper  than  either  the  sangta  ot  Xreo^a^^qtons, 
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>r  distribution,  however,  the  two  phase  system  presents 
rtain  advantages,  thus,  it  becomes  desirable  at  the  distribution 
nters  to  change  from  three  phase  to  two  phase.  This  may  be 
me  in  several  ways. 

Ques.    Describe  the  Scott  connection. 

Ans.     Two  transformers  are  used,  one   having  a  10:1  ratio, 


1.000 


866 


tB' 


I ooooooooooooooo ) 


IOO 


100 


*K  2.176. — The  Scott  connection  for  transforming  from  three  phase  to  two  phase.  In  this 
method  one  of  the  primary  wires  B  of  the  .866  ratio  transformer  is  connected  to  the  middle 
of  the  other  primary  as  at  C,  the  ends  of  which  are  connected  to  two  of  the  three  phase 
wires.  The  other  phase  wire  is  connected  at  D,  the  point  giving  the  .866  ratio.  The 
srcondary  wires  are  connected  as  shown. 

ad  the  other,  a  £V3  :  1,  that  is,  an  8.66  :  1  ratio.     The  con- 
ections  are  arranged  as  in  fig.  2,176. 

It  is  customary  to  employ  standard  transformers  having  the  ratios 
10  : 1,  and  9  :  1. 

Ques.    What  names  are  given  to  the  two  transformers? 

Ans.    The  one  having  the  10  : 1  ratio  is  called  the   main 
-ansfarmer,  and  the  other  with  the  8.66  : 1  ratio,  the  te&ftgx 
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In  construction,  the  transformers  may  be  made  exactly  alike  to  that 
either  may  be  used  as  main  or  teaser. 

In  order  that  the  connections  may  be  properly  and  conveniently 
made,  the  primary  windings  should  be  provided  with  50%  and  864% 
taps. 


Pig.  2.177. — Three  phase  to  two  phase  transformation  with  three  star  connected  tranaf 
Two  of  the  secondary  windings  are  tapped  at  points  corresponding  to  57.7%  of  full  i 
these  two  windings  are  connected  in  series  to  form  one  secondary  phase  of  voltage 
to  that  obtained  by  the  other  full  secondary  winding. 


Ques.    Describe  another  way  of    transforming  from 
three  to  two  phases. 

Ans.    The  transformation  may  be  made  by  three  star  con- 
nected transformers,  proportioning  the  windings  as  in  fig.  2,177, 
from  which  it  will  be  seen  that  two  of  the  secondary  windings 
<*"?  tapped  at  points  corresponding  to  &7.7  v**  <**&•  °*  ^ 


CuiivelIbs  tjmge  LHgl.  it  k  -mmeasBSBrr  is 
Rf-  2JT8,   bdw  shows  13k  jfco- 


-The   Bering  in  the  cost 

in  tie  f^wr^VT^FrW  d  the 
3  Thitt  in  Tl^  cue  oi  alter- 
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In  the  case  of  direct  current  systems,  commutator  troubles 
limit  the  transmission  pressure  to  about  1,000  volts,  whereas 
with  alternating  current  it  may  be  commercially  generated  at 
pressures  up  to  about  13,000  and  by  means  of  step  up  trans- 
formers, transmitted  at  110,000  volts  or  more. 


Relative  Weights  of  Copper  Required  by  Polyphase 
Systems. — A  comparison  between  the  weights  of  copper  re- 
quired by  the  different  alternating  current  systems  is  rendered 
quite  difficult  by  the  fact  that  the  voltage  ordinarily  measured 
is  not  the  maximum  voltage,  and  as  the  insulation  has  to  with- 
stand the  strain  of  the  maximum  voltage,  the  relative  value  of 
copper  obtained  by  calculation  depends  upon  the  basis  of  com- 
parison  adooted. 
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As  a  general  rule,  the  highest  voltage  practicable  is  used  for 
long  distance  transmission,  and  a  lower  voltage  for  local  dis- 
tribution. Furthermore,  some  polyphase  systems  give  a  mul- 
tiplicity of  voltages,  and  the  question  arises  as  to  which  of  these 
voltages  shall  be  considered  the  transmission  voltage. 

If  the  transmission  voltage  be  taken  to  represent  that  of  the 
distribution  circuit,  and  the  polyphase  system  has  as  many 
independent  circuits  as  there  are  phases,  the  system  would 
represent  a  group  of   several  single  phase  systems,  and  there 


RESISTANCE  J05  OHM 


TOTAL  OROP 
100  VOLTS 


COPPER  -  IDOO 


1000  VOLTS 


T1 

Kne,  used  as  basis  of  comparison  in  obtaining  the  relative  weights  of 
by  polyphase  systems,  as  indicated  in  figs.  2,181  to  2,188. 

would  be  no  saving  of  copper.  Under  these  conditions,  if  the 
voltage  at  the  distant  end  be  taken  as  the  transmission  voltage, 
and  the  copper  required  by  a  single  phase  two  wire  system  as 
shown  in  fig.  2,180,  be  taken  as  the  basis  of  comparison,  the 
relative  weights  of  copper  required  by  the  various  polyphase 
systems  is  given  in  figs.  2,181  to  2,188. 

In  the  case  represented  in  fig.  2,180,  if  the  total  drop  on  the 
line  be  100  volts,  the  generated  voltage  must  be  1,100  volts, 
and  the  resistance  of  each  line  must  be  50  -r-  1,000=  .05  ohms. 
Calculated  on  this  basis,  a  two  phase  four  wire  system  \s  £C££n- 
tdent  to  two  single  phase  systems  and  gives  no  economy  oi  coppex 
in  power  transmission  over  the  ordinary  single  phase  two  ^ 
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SINGLE  PHASE 
TWO  WIRE 


5INGLE    PHASE 
THREE  WIRE 


TWO  PHASE 
FOUR  WIRE        g 


M^nnr^ 
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TWO  PHASE 
THREE  WIRE 


WW 


\^im^*- 


THREE  PHASE 
THREE  WIRE 
STAR  CONNECTED 


ff^^f 


THREE  PHASE 
THREE  WIRE 
DELTA  CONNECTS 


THREE  PHASE 
POUR  WIRE 
STAR  CONNECTED 


-***- 


4*  WIRE  FULL  SECTION 


TMBEE  PHASE  ^ 


WIRE 
STAR 'CONNECTED 


4™  WlRt  ONE  HALF  SECTION 


j&  V. 


COPPER 
1.000 


375 


1000 


OS) 


750 


750 
333 


29L7 


£,181  to  2,188. — Circuit  diagrams  showing  relative  copper  economy  of  various  alternating 
cutrmxt  system* 
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ystcm.    This  is  the  case  also  with  any  of  the  other  two  phase 
ystems,  except  the  two  phase  three  wire  system. 

la  this  system  two  of  the  four  wires  of  the  four  wire  two  phase  sys- 
tem are  replaced  by  one  of  full  cross  section. 

The  amount  of  copper  required,  when  compared  with   the  single 

phase  system,  will  differ  considerably  according  as  the  comparison  is 

based  on  the  highest  voltage  permissible  for  any  given  distribution, 

"ageforlowp 


or  on  then: 


/oltagf 


pressure  service. 


If  E  be  the  greatest  voltage  that  can  be  used  on  account  of  the  insu- 
lation strain,  or  for  any  other  reason,  the  pressure  between  the  other 
conductors  of  the  two  phase  three  wire  system  must  be  reduced  to 
E+  VS. 

The  weight  of  copper  requited  under  this  condition  is  H5.TVo  ^oaX.  . 
of  the  single  phase  copper. 

„2U?£  ^S^Si'TS"  y^SVf.  the  relative  amount  ol  »W« 
™ro*«;»  «»%  a»{  of  U,.  mgto  phase  oyMom. 
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Figs.  2,187  and  2,198  are  two  examples  of  three  phase  four  wire  sys- 
tems. The  relative  amount  of  copper  required  as  compared  with  the 
single  phase  system  depends  on  the  cross  section  of  the  fourth  wire. 
The  arrangement  shown  in  fig.  2, IKS,  where  the  fourth  wire  is  only 
half  size,  is  used  only  fur  secondary  distribution  systems. 


Choice  of  Voltage. — In    order    to  properly  determine  the 
voltage    for   a    transmission    system   there    are    a    number   nf 
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conditions  which  must  be  considered  in  order  that  the  economy 
of  the  entire  installation  shall  be  a  r 


The  nature  of  the  diversely  various  factors  which  affect  the 
problem  makes  a  mathematical  expression  difficult  and  unsat- 
isfactory. 

Ques.  What  Is  the  relation  between  the  cross  sec- 
tional area  of  the  conductors  and  the  voltage? 

Ans.  For  a  given  circuit,  the  cross  sectional  area  of  the 
Conductors,  or  weight  varies  inversely  as  the  voltage. 


fcc  2.192. — General  Electric  itandud  tower  under  coratruction. 


Ques.  Would  the  highest  possible  voltage  then  be  used 
for  a  transmission  line? 

Ana.  The  most  economical  voltage  depends  on  the  length 
at  the  line  and  the  cost  of  apparatus. 

For  faint""—!  alternators,  transformers,  insulation  and  circuit  control 
and  lightning  protection  devices  become  expensive  when  manufac- 
tured for  very  high  pressures.  Hence  if  a  very  high  pressure  were  used, 
it  would  involve  that  the  transmission  distance  be  great  enough  so 
that  the-  eat™  cost  of  the  high  pressure  apparatus  would  be  cffi&&  \h 
tb*—**V**  oopper  effected  by  using  the  high  praMttW, 
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In  the  shorter  lines  as  those  ranging  in  length  from  about  one  mils 
to  60  or  75  miles,  the  most  suitable  voltage  must  be  determined  in 
each  individual  case  by  a  careful  consideration  of  an  the  condition! 
involved.  No  fixed  rule  can  be  established  for  proper  voltage  based 
on  the  length,  but  the  following  table  will  serve  as  a  guide: 


Usual  Transmission  Voltages 


500  tt 
1.000  b 

2,300  k 
6.000  tt 
13,200  tt 
22,000  tt 
44,000  tt 
66,000  tt 
88,000  k 


1.000 
2,300 
6,600 
13,200 
22,000 
44,000 
66,000 
88,000 
110,000 
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ea.    What  are  the  standard  voltage*  for  alternating 

.     6,600,  11.000.  22,000,    33.000,  44.000,    66,000,  88.000. 

71k  amooni.  rcf  pons  to  be  transmitted  deiammes,  in  a  measure,  the 
tat  of  hue  voltage.  If  the  most  economical  voltage  considered  from 
e  point  of  view  of  the  hoe  alone,  tie  ■amrvhere  in  excess  of  13.200, 
Bp  up  trBosfonnen!  must  be  employed,  since  the  highest  voltage  for 


*w\± 

rt 

IP^Q^r 

4.— Tjw  o!  a  three  phue.  I .s<W  rait,  N  cycle  few  at  Chary,  X.  T.    The  ™ 

j  Id  fret  hi**  and  are  (paced  a;  an  average  of  ti/aat  120  in--.  The  cand-jn 
□™ff  wm  So.  (»  B.  i  5.    Tie  arumaun  cinain  ofmeid  1c*..  asd  one  ; 

aich  standard  alternators  are  manufactured  is  13.300.  In  a  giver 
e  saving  in  conductor  by  using  the  higher  voltage  may  be  mon 
[set  by  the  increased  cost  of  tramfonners,  and  the  question  rat 
termined  for  each  case. 


js.    What  are  the  standard  transformer  ratios? 

.      Ur&y*x  of  5  or  Id 
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Mixed  Current  Systems.— It  is  often  desirable  to  transmit 
Metrical  energy  in  the  form  of  alternating  current,  and  dis- 
tribute ft  as  direct  current  or  vice  versa. 

Such  systems  may  be  classed  as  mixed  current  systems.  The 
usual  conversion  is  from  alternating  current  to  direct  current 
t^cause  of  the  saving  in  copper  secured  by  the  use  of  alter- 
nat™K  current  in  transmission,  especially  in  the  case  of  long 


Hrff^H^WiA 

4 

mr»tiB:t. 

a^py^i^jicjif; 

I  s'Tigll 

■d1  i 

^^i 

■ 

,1c    of    • 


X  and  MOUlata  ***  frtsmtt.  By  var 
_  n.i_  ™.t*BB  anpreMed  en  the  mUiy  convert; 
ocamd-     Tons,  tbo  D.C.  yoltsge^delivered  by  ti 


theA.C.TPtt*ge  "PS??1..™ 


for  the  canpensation  of  drop  in  Tone  fe 
sad  lor  electrolytic  wo*  where  eitrer 
Ox  i  ««■■!  ■  iir  n  of  tbe  electrolytic  cells. 


jr  mounted  on  the  sao* 
The  function  of  lit  it 


It  voitape  is  necessary.  Also  especially 
nnderable  voltags  variation  u  reqmiBd 
eration  in  parallel  with  storage  batteries) 
s  in  voltage  bid  required  by  changes  in 


distance  lines.     Such  conversion  involves  the  use  of  a  rotary 
converter,  motor  generator  set,  or  rectifier,   according  to  the 
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The  suburban  trolley  forms  a  gdod  example  of  a  mixed  system, 
in  which  alternating  current  is  generated  at  the  central  station 
and  transmitted  to  substations,  where  it  is  transformed  to  low 
pressure,  and  converted  into  direct  current  for  use  on  the  line. 
Pig.  2,195  shows  the  interior  of  a  sub-station  of  this  kind. 

Ques.  What  direct  current  pressure  is  usually  em- 
ployed on  traction  lines? 

Ans.     500  volts. 

Ques.  Mention  another  important  service  performed 
by  a  mixed  system. 

Ans.  If  the  generator  furnish  alternating  current  it  must  be 
converted  into  direct  current  in  order  to  charge  storage  batteries. 
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CHAPTER    LVI 

AUXILIARY  APPARATUS 


For  the  proper  control  of  the  alternating  current  in  any  of 
die  numerous  systems  described  in  the  previous  chapter,  various 
devices,  which  might  be  classed  as  "auxiliary  apparatus,"  are 
required.  These  may  be  grouped  into  several  divisions, 
according  to  the  nature  of  the  duty  which  they  perform,  as 

1.  Switching  devices; 

a.  Ordinary  switches; 

b.  Oil  break  switches; 

c.  Remote  control  switches. 

2.  Current  or  pressure  limiting  devices; 

a.  Puses; 

b.  Reactances; 

c.  Circuit  breakers; 
<L  Relays. 

3.  Lightning  protection  devices; 

a.  Air  gap  arresters; 

b.  Multi-gap  arresters;  * 

c.  Horn  gap  arresters; 

d.  Electrolytic  arresters; 

e.  Vacuum  tube  arresters; 
/•   Choke  coils; 

&   "Static" interrupter*. 
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4.  Regulating  devices; 

a.  Induction  voltage  regulators; 

b.  Variable  ratio  transformer  regulators  {  dJStypeT' 

c.  Compensation  shunts; 

d.  Pole  type  regulators; 

e.  Small  feeder  voltage  regulators; 
/.  Automatic  voltage  regulators; 
g.  Line  drop  compensators; 

h.  Starting  compensators; 
s .  Star  delta  switches. 

5.  Power  factor  regulating  devices; 

a.  Condensers; 

b.  Synchronous  condensers. 

6.  Indicating  devices; 

(plunger  type; 
inclined  coil  type; 
magnetic  vane  type; 

b.  Hot  wire  instruments; 

c.  Induction  instruments  {^Ufcffif1*' 

d.  Dynamometers; 

e.  Instrument  transformers; 

1  commutator  type; 
induction  type; 
Faraday  diac  type; 

1  synchronous  motor  types 
resonance  type; 
induction  type; 


h.  Synchronism  indicators 


lamp  type; 
voltmeter  type; 
resonance  type; 
rotating  field  type; 

i.  Power  factor  indicators  {  SSSSSSSU 
j.  Ground  detectors; 
k.  Earth  leakage  cut  outs; 
/   Oscillographs. 
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CHAPTER  LVII 

SWITCHING  DEVICES 


A  switch  is  a  piece  of  apparatus  for  making,  breaking,  or  chang- 
ing the  connections  in  an  electric  circuit. 

The  particular  form  and  construction  of  any  switch  is  governed 
by  the  electrical  conditions  under  which  it  must  operate. 

Since  the  electric  current  cannot  be  stopped  instantly  when 
the  circuit  in  which  it  is  flowing,  is  broken,  an  arc  is  formed  as 

the  swi'.ch  contacts  separate;  this  tends  to  burn  the  contacts, 
and  to  short  circuit,  the  severity  of  such  action  depending  on 
the  voltage  and  the  proximity  of  the  switch  terminals.  Ac- 
cordingly in  switch  design,  provision  must  be  made  to  counteract 
these  tendencies.  Thus, 

1.  The  contacts  should  separate  along  their  entire  length, 
rather  than  at  a  point; 

2.  The  terminals  should  be  far  enough  apart  and  properly 
protected  to  prevent  short  circuiting  of  the  arcs; 

3.  The  break  should  be  quick; 

4.  The  gap  should  be  surrounded  by  the  proper  medium  (air 
or  oil)  to  meet  the  requirements  of  the  electrical  conditions. 

A  great  variety  of  switches  have  been  introduced  to  suit  the 
different  requirements.  Knife  switches  are  used  for  low  pressure 
service,  the  multiple  break  form  being  used  where  it  is  desired 
to  reduce  the  arcing  distance. 


HAWKINS  ELECTRICITY 


Ques.  How  should 
single  throw  switches 
be  installed? 

Ans.  They  should  open 
downward  so  gravity  will 
keep  them  open. 


SlBS.  3, 199  and  2.200.— General 
Elect  ric  triple  pole  solenoid 
operated,  uinglc  throw  remote 

Switch  is  a  self-contained  unit 
with  two  acta  of  contact*. 
in  am  laminated  copper  brashes, 

to  take  the  arc  on  breaking 


operation,   the   twitch  u 


by    , 


1    for   e 


dosing 

.     ntmlkd 

by  the  single  pole  double 
throw  push  button  switch 
shown  in  fig.  2,200.  which  is 
normally  in  the  open  position 
and  remains  closed  only  when 
held  by  the  operator.  One  of 
these  switches  is  furnished  with 

always  be  used,  as  the  solenoid 


switch  can  be  closed  and 
>n  located  at  any  point. 
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Ones,    now  should  double  throw  switches  be  installed? 

Ans.     Horizontally. 


Ones.    What  Is  a  plug  switch? 

Ans.  A  switch  in  which  the  current  is  ruptured  in  a  tube 
inclosed  at  one  end,  thereby  confining  the  arc  and  limiting  the 
apply  of  air. 

They  are  toed  aa  high  pressure  circuits  of  from  10,000  to  '2J.\Wft  voVtt, 
--'—'---    "—*  circuits  and  for  voltmeter  and.  sytichraKLMW* 
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circuits  where  there  is  very  little  energy.    The  usual  current  capacity  is 

from  4  to  7H  amperes. 

upper  rowwcr  ™,-,  „■.■._..,._ 

AND  RECEPTAOI  s  WSSBQAROiWSHeR 


Pio  ,2.203  and  2.204—  Bui 

a  brass  connecting 


Forms  of  Break. — On  high  pressure  circuits  there  are  several 
types  of  switch:  they  are  classified  with  respect  to  the  break, 
that  is  to  say,  according  as  the  break  takes  place, 


-jMjL 


Hqi  i 


mp[e  in  « 


.is  plug  switch  is  insulated  for  high  preasui 
ad  the  ammeter  jack  plug,  cable,  and  bushitu 
,.  rarant.  nf  »  hmu  hn.hintf  well  in! 

[jig.    On 

,9  tube  and  keeps  the  circuit  closed.  The  plug  conn: 
n  a  brail  tube,  both  being  fastened  in  a  handle  wl 

"  "Whl 

„.  -    ,,.,.„ Ibe  cable  in  di(Ter*nt  racepta- 

of  a  bulbing  should  be  used.    In  thia  caw  a  cable  ahould  ba  provided 


the  panel  an. 


.    _  receptacle, 
well  insulated  from  the  panel 

.      .  .e.    Omheendof  lbl<  tube 

iphorbronie  spring  which,  when  the  plug  is  out,  nation  the 
..........    ^--■-■-c0n,;E-,0fahras3  rod  well  intulated  arid 

'  icd  black  and  polnbed. 

.......  .....  .....  -...,» ered  in  the  bran  tub* 

:nd  of  the  cable  ia  run  through  a  bushing  act  in 

(berth  andidti 
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1.  la  open  air; 

2.  In  an  enclosed  air  space; 

3.  Aided  by  a  metal  fuse; 

4.  Aided  by  a  horn; 

5.  In  oil. 


ftc  2.700. — Westmghouse  fused  Raiting  switch  for  squirrel  cage  motors.    It  is  arranged  ■( 
NuiocuJ  Elect™  Code  fuses  on  one  end  only  and  hu  springs  on  the  other  end  to  one 

'■■"-       "'■   'ly  if  left  closed  ot  this  end.    The  corresponding  terminals  at  bat 

d  in  grooves  in  the  back  of  the  slats  base  so  that  tr 
set  of  these  terminals  only,  thus  decreasing  the  numbe 
»n  in  fig.  3.207.    In  starting  an  induction  motor,  tt 

...  1  is  not  fused  and  held  there  until  the  motor  is  up  t 

thai  it  is  quickly  thrown  to  the  fused  position,  thus  protecting  the  di 

TO  MOTOR 


he  2J07.— Diagram  of 

notca-tv    The  starting  t 
current  and,  when  the  controlling  ■ 
—  *o  blow  when  the  mot 


ntwsant  oWkads  oat 


itch  is  i 

'    started.     The  fuses  must , ,   ._ 

ns.     These  switches,  ire  designd  to  meet  >iu» 
*  'ocoatrolmotantipta  i  hirse  posrcr.  raJirss. 
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Ques.    What  is  the  objection  to  open  air  break? 

Ans.     The  relatively  long  gap  required  to  extinguish  the  arc, 
limiting  this  form  of  switch  to  Iqw  or  moderate  pressure  circuits. 

The  open  air  arc  may  cause  very  high  voltage  oscillations  when  the 
zero  value. 


Fig.  2.208. — Westinghouse  single  pole  disconnecting  switch.  Disconnecting  switches  are  used 
primarily  for  isolating  apparatus  from  the  circuit  for  purposes  of  inspection  and  repair; 
also  for  aectionalitins  feeders.  They  are  not  designed  for  opening  under  load,  and  there- 
fare  no  attempt  should  be  made  to  open  them  with  current  in  the  circuit.  In  connection 
with  lightning  arrester  installations,  disconnecting  switches  are  particularly  tuuiul,  pro- 
viding a  simple  and  affective  meant  for  bjofatfrsa  the  arresters  while  cleaning  ana  bi- 
switch is  intended  for  wall  mounting.  The  live  parts  are  mounted  on  porcelain  insula- 
tors carried  on  a  cast  iron  yoke  or  base,  forming  a  simple  and  substantial  construction. 

Ques.    What  are  disconnecting  switches? 

Ans.  Knife  switches  in  series  with  other  switches  so  that  the 
apparatus  controlled  by  the  latter  may  be  repaired  in  safety 
by  entirely  disconnecting  it  from  the  bus  bars  or  live  circuit. 

Such  switches  are  not  intended  to  rupture  X'he  \oad  entreat. 
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Figs.  8,209  and  2,210.— Westinghouse  disconnecting  switches  for  pressures  over  3,300  volts 


Figs.  2.211  and  2,212.— Westinghouse  selector  type  disconnecting  switch.  Fig.  2,211,  view 
showing  both  sides  closed;  fig.  2,212,  view  with  one  side  open.  The  selector  type  of 
disconnecting  switch  is  a  transfer  switch  which  does  not  require  the  circuit  to  be  inter- 
nrpted  while  making  the  change.  It  can  also  be  used  to  connect  two  independent  cir- 
cuits in  parallel.  In  construction,  it  is  in  effect  two  single  throw,  single  pole  disconnect- 
ing switches  with  the  hinge  jaws  connected  together  and  mounted  on  the  same  insulator. 
The  hinge  jaw  is  also  provided  with  dummy  jaws  to  hold  either  blade  of  the  switch  in 
the  open  position.  Except  for  these  differences  in  the  hinge  jaws,  the  construction  is 
similar  to  the  switch  shown  in  fig.  2,209.  It  should  not  be  used  to  open  the  circuit  when 
loaded. 


*=.  2*13.— Hook  tick  for  operating  a  disconnecting  switch. 
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Ques.    What  are  the  features  of  the  enclosed  air  break? 

Ans.  The  switch  is  more  compact  than  the  open  air  break 
type,  but  pressure  oscillations  are  caused  on  opening  the  circuit 
the  same  as  with  the  open  air  break,  and  it  is  not  desirable  for 
heavy  current. 


Ques.    How  is    the  fuse  arranged  in  the  metal  fuse 
break  type  of  switch? 

Ans.     It  is  placed  in  a  tube  fitted  with  powdered  carbonate 
of  lime  or  some  other  insulating  powder. 
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i.    Describe  its  operation. 

The  moving  arm  of  the  switch  draws  the  fuse  through 
e,  thus  opening  the  circuit  without  much  disturbance. 


u    What  is  the  objection  to  the  metal  fuse  switch? 

The  powder  is  set  flying  by  the  explosion  oi  \Jafc  ^ 
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which,  as  it  settles,  gets  into  the  bearings  of  any  machine  that 
may  be  in  the  vicinity. 

Ques.    What  is  a  horn  break  switch  ? 

Ans.    One  provided  with    horn  shaped   extensions  to  the 
contacts,  as  shown  in  fig.  2,219. 

The  arc  formed  on  breaking  the  circuit,  as  it  travels  toward  the  e*. 
tremities  of  the  horns,  becomes  attenuated  and  is  finally  ruptured. 


Pig.  2,220. — Kelman  switching  mechanism.  The  pantograph  arrangement  of  the  contact 
blades  gives  a  double  horizontal  break  deep  down  in  the  oil.  This  gives  over  the  break 
a  heavy  head  of  oil  which  immediately  closes  in  around  the  thin  blades  as  they  leave 
the  contacts  in  opening,  thus  effectually  extinguishing  the  arc.  The  opening  spring 
acts  within  the  pantograph  itself  without  anv  intervening  mechanism,  and  the  light 
weight  of  the  few  moving  parts  enables  the  spring  to  accelerate  the  blades  rapidly,  thus 
obtaining  a  quick  break.  The  contacts  are  of  the  return  bend  type^which  makes  a  flex- 
ible  contact,  to  obtain  alignment  with  the  blades  at  all  times.  The  pantograph  and 
contacts  are  supported  on  corrugated  porcelain  insulators  on  a  hardwood  base  or  insula- 
tor board.  The  insulators  are  fitted  with  iron  ends  for  securing  the  different  parts.  At 
each  end  of  the  insulator  board  is  an  upright  or  lifting  board  which  serves  to  Hit  tha 
switching  mecnanism  out  of  the  tank.    The  loads  are  toaMYy  vq*iU**<L 
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Ones.  What  are  the  objections  to  this  type  erf  switch? 
Aus.  The  considerable  space  required  for  the  horns  and 
■cs,  and  the  fine  surges  caused  by  the  arc. 


Oil  Switches.— The  extensive  use  of  high  pressure  currents 
id  alternating  current  motors  and  other  devices  introducing 
ductancc  make  it  necessary  to  use  switches  radically  different 
r  air  break  types. 
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The  opening  of  circuits  of  considerable  current  value  with 
inductive   loads  is  not  possible  with  old  style  switches  which 
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were  quite  adequate  for  the  service  for  which  they  were  de- 
signed. These  circuits  are  controlled  with  ease  and  certainty 
by  the  oil  switch. 
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Ques.    What  Is  an  oil  switch? 

Ans.     One  in  which  the  contact  is  broken  under  oil. 

This  type  of  switch  is  the  one  almost  universally  used  on  htth  pit* 
sure  alternating  current  circuits,  because  ot  the  fact  that  the  oil  tendi 
to  cause  the  current  to  break  when  at  its  zero  value,  thus  preventing 
the  heavy  arcing  which  would  occur  with  an  air  Break  switch,  and  tt» 
consequent  surges  in  the  line  which  are  so  often  the  cause  of  break* 
down  of  the  insulation  of  the  system. 
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Ques.    What  is  the  nature  of  an  oil  break? 

Ans,     It  is  not  a  quick  break. 

Oscillograph  records  show  that  the  effect  of  the  oil  is  to  allow  the  ai 
to  continue  during  several  cycles  and  then  to  break  the  current,  usual 
at  the  rera  point  of  the  wave 
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Remote  Control  Oil  Switches. — It  is  desirable  in  the  case 
>f  switches  on  high  pressure  circuits  to  locate  the  parts  which 
sany  the  high  pressure  current  at  some  distance  from  the 
switchboard  in  order  that  they  may  be  operated  with  safety. 

With  respect  to  the  manner  in  which  the  switches  are  operated 
iiey  may  be  classed,  as 

1.  Hand  operated; 

2.  Power  operated. 
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Figs.  2.228  and  2.229. — Views  showing  mechanism  of  hand  operated  remote  control  switches. 
Pig.  2.228,  straight  mechanism;  ng.  2,229,  angular  mechanism. 


Ques.    What  kind  of  power  is  used  ? 

Ans.     Electricity  is  used  in  most  cases;  in  some  installations, 
switches  are  operated  by  compressed  air. 

Ques.    For    what    pressures    should    remote    cotrtroV 
switches  he  used? 

Ajj&     Far  pressures  above  1,100  volts. 
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Oiios.  Describe  the  operating  mechanism  of  a  remote 
control,  hand,  and  electrically  operated  switch. 

Ans.  For  hand  operation,  the  mechanism  between  the  ope*- 
ating  lever  and  switch  proper,  consists  simply  of  a  system  d 
links  and  bell  cranks.  Various  shapes  of  bell  crank  are  used, 
to  permit  change  in  direction  or  position  of  the  force  applied 
to  operate  the  switch. 


30.— Padfic  oil  twitch  with  solenoid  control,  deigned  for  M,000  and  70,000  «ca 
lollations;  it  is  capable  of  handling  ■  26.000  lew.  fimeiating  static!].  The  bred 
lonicmtal.  mprle  by   t)v.-    r..'il.i-i   n(  a   flat  member  edgewise  through  the  oB.     Ttl 

liml    *r,.rt<    nl     <h,.     nnvirrh  ,1  i     i ', ".-', ...  r  "  - ,".   hi   '"'  t  h   '..'.:■  ', ,  .„'„".'    Inn..     .™ii™       — K. 


Th™  cu! 
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s  and  rollers  have  the  additional  advantage  of  miking  tbo  Openiat 
nd  smooth.  The  tripping  coil  does  not  act  on  the  latch  directly,  oat 
■low  that  is  positive.  The  latch  proper  is  a  roller  having  a  powerful 
«ae.  Current  can  not  be  left  on  either  the  closing  or  opening  """" 
itically  cut  out  by  the  movement  of  the  switch. 


Ques.    Name  two  classes  of  electrically  operated  remote 
control  switch. 

Ans.     Those  operated  by  solenoids,  and  those  operated  by 

motors. 

The  solenoid  type  are  closed  Ijy  the  action  of  a  plunger  solenoid, 
and  opened  either  by  another  solenoid  called  a  "tripping  coil"  or  by 
gravity.     Some  examples  of  remote  convtoY  ate  tivrW  Via  ^  «ocom- 
panymg  JJJuEtratiOOa. 
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Quo*.    What  indicating  devices  are  used  with   clec- 
Ically  operated  switches  ? 

Acs.     Red  and  green  lamps;   red  for  closed  and  green  for 
wk  as  shown  in  fig.  2,231. 

KREO  INDICATINS  tAM» 
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L  XXin. — Diagram  of  connection!  of  motor  operated  remote  control  switch.  The  motor 
which  operate,  the  switch  it  controlled  by  m  imall  lever  generally  mounted  on  the  panel 
with  the  instrument!  which  an  in  the  circuit  controlled  by  the  switch.    The  itandard 


Ones.    For  what  service  are   motor  operated  switches 
«d? 

Ans.     For    exceptionally    heavy    work    where   the    kilowatt 
pairing  capacity  is  greater  than    that  for   which  tha  other. 
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Rupturing  Capacity  of  Oil  Switches.— While  an  oil  switch 
nay  be  designed  for  a  given  pressure  and  to  cany  a  definite 
mount  of  current,  it  should  not  be  understood  that  the  switch 
rifl  necessarily  rupture  the  amount  of  normal  energy  equivalent 
to  its  volt  ampere  rating. 
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Oil  switches  are  often  used  on  systems  with  generator  capacity 
many  thousand  kilowatts.  It  is  therefore  essential  that  the 
ritches  shall  be  able  to  break  not  only  their  normal  current, 
it  also  greatly  increased  current  that  would  flow  if  a  short 
x-zat  ca- partial  abort  circuit  occur. 


.  _, acess  of'flCO  amperes,  brush  contacts  are  furnish«l  with  auxil- 
iary arcing  contacts  of  the  bult  type.  Each  pnic  h^s  two  sets  of  contacts,  tnus  providing 
■  double  Break  in  each  line.  With  both  types  of  contact,  the  final  break  of  the-  are  £ 
taken  and  the  main  contacts  protected  by  auxiliary  arcing  contacts  which  are  inexpen- 
sive and  readily  renewable.    The  upper  or  stationary  contacts  are  mounted  on  porcelain 
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Tinder   short   circuit   conditions  alternators  develop  instan- 
taneously many  times   their  normal   load  current,  while  the 
sustained  short  circuit  current  is  approximate  y  two  and  a  half 
to  three  times  normal,  or  even  higher  with  turbine  alternators. 
,OFF  POSmON 
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Hence,  circuit  breakers  of  the  so  called  instantaneous  type  must 
be  capable  of  rupturing  the  circuit  when  the  current  is  at  a 
maximum,  whereas,  non-automatic  switches,  or  circuit  breakers 
with  time  limit  relays  will  be  required  to  interrupt  only  the 
sustained  short  current  circuit.  The  reason  is  evident,  since  the 
delay  in  opening  the  switch  allows  the  current  to  approach  the 
sustained  short  circuit  conditions. 
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CHAPTER  LVIII 

CURRENT  AND  PRESSURE  LIMITING 

DEVICES 


In  any  electric  installation  there  must  be  provided  a  number 
of  automatic  devices  to  secure  proper  control.  The  great  mul- 
tiplicity of  devices  designed  for  this  purpose  may  be  divided  into 
two  general  classes,  as 

1.  Current  limiting; 

2.  Pressure  limiting. 

Because  of  the  heating  effect  of  the  current  which  increases 
in  proportion  to  the  square  of  the  strength  of  the  current,  it 
is  necessary  to  protect  circuits  with  devices  which  do  not  allow 
the  current   to   exceed   a  predetermined   value. 

Accordingly  fuses,  circuit  breakers,  reactances,  etc.,  are  used, 
each  possessing  certain  characteristics,  which  render  it  suitable 
for  particular  conditions  of  service. 

For  instance,  just  as  in  analogy,  steam  boilers  must  be  protected 
against  abnormal  pressures  by  safety  valves,  electric  circuits  must 
be  guarded  against  excessive  voltages  by  pressure  limiting  devices, 
otherwise  much  damage  would  occur,  such  as  the  burning  out  of  in- 
candescent lamps,  grounding  of  cables,  etc. 

The  control  of  steam  is  simple  as  compared  to  the  electric  current, 
the  latter  bang  the  more  difficult  to  manage  because  ol  \\&  pecx&y&x 
behaviour  in  certain  respects,,  especially  in  the  case  ot  a\teroa&afc 

^S^^Sj^^f^l  nwnfrous  devices  of  more  ot  \esa  &<&c*M 
conMtrucUon  for  o&ty  both  to  the  apparatus  awi  the  operator 
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Fuses. — A  fuse  is  "an  electrical  safety  valve",  or  more  specif- 
ically, the  actual  wire  or  strip  of  metal  in  a  cut  out,  which  may  bt 
fused  by  an  excessive  current,  that  is  to  say,  by  a  current  which 
exceeds  a  predetermined  value.  A  fuse,  thus  serves  to  protect 
a  circuit  from  any  harm  resulting  from  an  undue  overload. 

Puses  have  been  treated  at  such  length  in  Guide  No.  2,  Chapter  XXV, 
that  very  little  can  be  said  here,  without  repetition. 
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Ques.    What  effect  have  the  terminals  on  a  fuse? 

Ans.     The  current  at  which  a  fuse  melts  may  be  greatly 
changed  by  the  size  and  shape  of  the  terminals. 


Ques.    What  is  the  objection  to  large  fuses? 

Ans.     The  discharge  of  molten  metal  when  the  fuse  blows  is 
a  source  of  danger. 

Ques.     What  should  be  used  In  place  of  large  fuses? 
*4ns.     Circuit  breakers. 
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Ques.    What  are  the  objections  to  fuses  In  general? 

Ans.  The  uncertainty  as  to  the  current  required  to  blow 
them;  the  constant  expansion  and  contraction  is  liable  to  loosen 
the  terminal  screws  when  screws  are  used. 

Ques.    What  Is  the  advantage  of  fuses? 

Ans.    They  form  an  inexpensive  means  of  protecting  small 


this  tyjw  of  f use  it  is  impossible  to  place 


Ques.     Describe  a  plug  fuse. 

Ans.  It  is  constructed  as  shown  in  fig.  2,239,  the  fuse  wire 
being  visible  and  stretching  between  the  two  metal  portions  of 
the  plug. 

Ques.    What  Is  a  cut  out  fuse? 

Ans.  One  similar  to  a  simple  fuse,  but  provided  with  clip 
contacts  as  used  for  knife  switch  contacts. 

The  fuse  wire  jb  usually  containad  in  a  china  or  porcelain  tube,  iftflsJi 
alto  mrvtm  tbeptvpoae  of «  Jwjuile  for  withdrawing  the  ius*. 
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Ques.    What  is  an  expulsion  fuse? 

Ans.     One  in  which  the  fuse  is  placed  in  an  enclosed  chamber 
with  a  vent  hole.  * 


Ques.    What  is  a  no  arc  fuse? 

Ans.     A  cartridge  type  fuse,  in  which  the  space  surrounding^ 
the  fuse  wire  is  filled  with  powdered  material. 


"m       m-* 


Fie.  2,240.— Inaide  view  of  end  ferrule  of  Noark  enclosed  fine.  Two  prongi  O  and  V.  *Heh 
are  a  put  of  the  knife  blade  K,  pass  through  the  square  holes  in  the  ends  of  the  ferrule  R. 
and  are  riveted  to  the  anchor  plate  T.  The  object  of  this  plate  <i  la  stiffen  tiu  slnutun 
-■'■- '  yoflhi  .,.,....    .        ... 

Lterial  through  the  vent  holes  A,  but  when 

- hrm-by  permitting  thevaporfonnedupon*1—* 

quickly  and  freely  paas  through  the  interstices  of  tie  6 

'  ■'  '  ming  from  the  ends  of  the  tube. 

o  assist  in  extinguishing  the 

Ques.    What  is  a  magnetic  blow  out  fuse? 

Ans.  An  enclosed  fuse  which  is  subject  to  the  action  of  a 
magnetic  field  produced  by  the  current,  the  magnetic  field 
tending  to  blow  out  the  arc  when  fusing  occwra. 
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What  is  a  quick  break  fuse? 

One  having  a  weight  suspended  from  its  center,  or 
ttached  to  its  ends  so  that  the  arc  formed  at  fusing  is 
ttenuated  and  extinguished. 

What  is  the  disadvantage  of  a  fuse  as  compared 
1  switch  circuit  breaker? 

iVhen  a  fuse  blows,  the  arc  causes  oscillations  in  the 
h  cause  excessive  rise  of  pressure  tinder  certain  capacity 


Oulck  break  fuse.  The  fuse  wire  is  connected  between  the  fixed  terminal  A 
novmble  arm  B,  and  is  held  under  tension  by  the  spring  which  exerts  pressure 
ovable  arm  in  a  direction  tending  to  separate  A  and  B.  In  opera  don,  when  the 
s,  the  movable  arm  quickly  moves  to  the  position  B',  thus  attenuating  the  arc 
gating  its  extinguishment. 

5,  whereas  this  disturbance  is  reduced  to  a  minimum 
il  switch. 

What  metal  is  used  for  fuse  wires? 

Various  metals.  Ordinary  fuse  wire  is  made  of  lead  or 
it  lead  and  tin. 
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Que*.    What  is  the  objection  to  aluminum? 

Ans.    It  becomes  coated  with  oxide  or  sulphide,  which 
as  a  tube  tending  to  retain  the  metal  inside  and  prevent  rupfan| 

Que*.    What  is  the  objection  to  copper? 

Ans.     Its  high  fusing  point. 


Current  Limiting  Inductances.— The  great  increase  a| 
capacity  of  power  stations,  for  supplying  the  demands  of 
populated  centers  and  large  manufacturing  districts. 


.  2,242. — Notched  end  fuse.  This  is  *  simple  form  of  fuse  consisting  of  a  ski*4 
metal  {or  wire)  fixed  between  two  end  pieces  to  fit  around  the  terminals.  This  type  is  on* 
proportioned  so  that  it  is  only  possible  to  place  the  correct  stse  of  fuse  in  the  * _J* 
Sometimes,  in  place  of  the  end  pieces  as  ahown,  the  fuse  metal  is  fixed  * 
clamping  screws. 


with  the  decrease  in  the  reactance  of  modern  alternators  ao4 
transformers  due  to  improvement  in  design  to  obtain  better 
regulation,  has  presented  a  problem  in  apparatus  protection  not 
contemplated  in  the  earlier  days  of  alternating  current  distrv 
bution.     This  problem  is  entirely  separate  and  distinct  frattl 
that  of  eliminating  the  tendency  toward  short  circuit,  incident  ] 
to  the  high  voltages  now  common  in  transmission  lines.    It) 
accepts  that  all  short  circuits  must  occasionally  occur  am 
considers  only  the  protection  of  the  connected  apparatus  against  1 
the  mechanical  forces  due  to  the  xnagasftio.  stresses  of  sochl 
enormous  currents. 


. 


CURRENT  AND  PRESSURE  LIMITING  DEVICES       1,619 

Qnes.    What  means  are  employed  to  limit  the  value  of 
a  short  circuit  current? 

Ans.    A  current  limiting  inductance  coil  (called  a  reactance) 
is  placed  in  series  with  the  alternators  or  transformers. 


at  each  cad  of  the  coil  it  securely  held  m  place  by  alloy  clamps  b ......... 

The  wood  is  protected  from  contact  with  the  clumps  by  shields  of  asbestos.    The  h 
at  the  cable  between  the  two  lections  an  welded  by  the  oiy-acetylene  process. 

Ques.    What  are  Its  essential  features  of  construction? 

Ans.  It  consists  of  bare  stranded  cable  wound  around  a 
concrete  core  and  held  in  place  by  wooden  supports  asshoiro. 
hJfeJSAUt 


In  order  to  avoid  the  prohibitive  expense  of  high  voltage  in 

the  reactance  co3  is  designed  for  the  low  tendon  circuit    Thai 

meat  prohibits  the  use  of  a  magnetic  core  which,  if  economically  <a> 
signed  for  normal  operation,  would  become  saturated  at  higher  den- 
sities, or,  if  designed  large  enough  to  avoid  saturation  at  short  circuit 
conditions,  would  become  prohibitive  in  cost  and  dimensions. 

The  elimination  of  all  magnetic  material  from  the  construction  of 
the  concrete  core  reactance  permits  of  no  saturation,  and  aasuroi  t 
straight  Una  voltage  characteristic  at  all  current  loads. 


0.33*4.— Wee* 


'ZLSSm 


yaod  electric  locomotiyo  equipment*;  it  anaWt 

ie  block  and  canopy  (witch.     The  contact  Upa  an  tarrouniti  by  a 

thole  **>cA  cmjina  and  dirtch  Ike  arc  unlit  Ike  nuiWIi  Htm  oaf  •xfeajaiua  a. 
The  current  carrying  contact!  corariat  of  copper  .nripa  aaparalad  by  air  apneea.  Aa  am- 
iliary  contact  or  arcing  tip"  at  the  era]  of  the  awitch  lever  Ukaa  the  bciraine;  of  the  mte 
when  the  breaker  opena.  and  thai  **»"*■**■  th*  burning  " 


Ques.    Where  Is  the  proper  location  for  a  current  limit- 
ing reactance? 

Ans.     As  near  the  alternator  as  possible. 
(hies.    Why? 
-**««,     To  lessen  the  possibility  at  a  tfeort.  otwrto. 
Gtmsai  the  reactance  and  the  alternator.. 
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Ques.  Beside  limiting  the  current,  what  other  service 
Is  performed  by  the  reactance? 

Ans.  It  protects  the  alternator  from  high  frequency  surges 
coming  in  from  the  outside,  and  limits  the  current  from  other 
machines  on  the  same  bus. 


Circuit  Breakers. — The  importance  of  circuit  protective 
devices,  commonly  called  circuit  breakers,  is  fully  recognized. 
The  duty  of  a  circuit  breaker  is  to  protect  the  apparatus  in  an 
electrical  circuit  from  undesirable  effects  arising  irom,  ahwwtftA 
conditions,  by  automatically  breaking  the  circuit.  XccoidaM^j 
»  drcuit  breaker  must  comprise  a  switch  in  oombtattVA  NtflS 
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electrical  control  devices  designed  to  set  under  abnormal  con- 
ditions in  the  circuit. 

A  circuit  breaker  is  a  device  which  automatically  opens  Ik 
circuit  in  event  of  abnormal  conditions,  in  the  circuit. 


i  of  the  -r .,  -  ..  - 

current  is  adjusted  by 

b  arts  magnetised  w"  " 

?_P"?.,ef>         """  : 


by  the  current  in  coil  B,  ud  a* 
is  promptly  extinguished  by  the 
enninafe,  D  D  is  ■  contact  thai 


-_ -  .....—. _..      it  then  take*  the  path 

■F-K.  When  (he  breaker  crips,  the  contact  piece  D  DfliesdownanJlht 
jr  an  arc  to  form  between  F.  P;  the  magnetic  field  blows  the  arc  upwards, 
-  hirtiino  talm  nlarv  it  t>n  »h*  rnntacts  E.  E,  which  are  bo  constructed  that 
by  hand,  the  knob  N  is  pressed. 


they  may  be  readily  renewed.    To  trip  the  breaker 

In  the  design  of  circuit  breakers,  there  are  several  methods 
used  to  effect  the  rupturing  of  the  arc  between  contacts  when 
opened  on  heavy  overload,  such  as 
/-  Magnetic  blow  oat;  2.  Thermal  break',  ^  Cttrtwo.  break. 
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In  the  magnetic  blow  out  type,  the  arc  is  extinguished  between 
auxiliary  contacts  confined  by  a  chute  in  which  the  arc  is 
rapidly  blown  out  due  to  a  powerful  magnetic  field  from  one  or 
more  electromagnets.  This  type  may  be  used  in  air  or  water- 
tight boxes  and  is  peculiarly  adapted  for  service  where  the  arc 
must  be  confined. 


In  a  carbon  break  type,  the  arc  is  finally  ruptured  between 
carbon  break  contacts.  The  breaking  of  the  cireuit  is  accom- 
plished progressively,  that  is  to  say,  it  is  done  in  three  stages, 
by  several  sets  of  contact,  known  respectively  as 

1.  The  main  contacts; 

2.  The  intermediate  contacts; 

3.  The  carbon  contacts. 
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In  operation,  as  the  circuit  breaker  acts  to  break  the  circuit, 
first  the  main  contacts,  separate,  then  the  intermediate  contacts, 
and  finally  the  carbon  contacts  between  which  the  arc  is  ruptured 

Ques.    What  Is  the  object  of  the  Intermediate  contact*? 

Ans.     To  prevent  the  forming  of  an  arc  on  the  main  contacts. 


Ques.    What  Is  the  object  of  the  carbon  contacts? 

Ans.     First  to  protect  the  intermediate  contacts  by  providing 

a  path  for  the  current  after  the  intermediate  contacts  separate, 

and  2,  to  "slow  down"  the  current  by  means  of  the  considerable 

.resistance  of  the  carbon,  thus  reducing  to  a  minimum  the  arc 

which  is  formed  when  the  carbon  contacts  aepai&Xit. 
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Que*.  How  Is  the  automatic  operation  of  a  circuit 
breaker  usually  accomplished  ? 

Ans.  Usually  through  the  medium  of  a  solenoid,  or  electro 
magnet  energized  by  current  from  the  circuit  controlled  by 
the ' — * — 


The  /•wntial  features  of  construction  and  operation  of  a  circuit 
breaker  is  shown  in  the  elementary  diagrams,  figs.  2,350  to  2,253.  In 
construction  as  shown  in  fig.  2,250  it  consists  essentially  of  three  seta 
of  contacts,  a  swinging  contact  arm  which  is  set  in  the  closed  position 
by  the  handle  operating  through  the  toggle  joint,  the  movement  of  which 
B  Iimii»i4  in  the  dosing  direction  by  the  stop.  The  latter  is  made  ad- 
justable by  an  eccentric  pin  or  equivalent.  Connected  to  the  toggle  is 
the  plunger  of  tlie  aoJarad  whose  winding  is  energized  by  oirretfi.  kCjtn, 
the  cbaMMt  whkti  the  circuit  breaker  is  to  control. 


HAWKINS  ELECTRICITY 


CLOSED 
CARBON  COMTACT5        -  SPRING 


ST  POSITION 


Frcs;  3.ZS0  to  3,253.— Elementary 

3,2/11.  mam  t_. .„. 


— <..- -itms  the  operation  of  a  carbon  ri.~-  - 

- ... ,,..  ..rawing  the  progressive  opening  of  nichdevios.    Pig.SJM, 

fig?****?'™":  fa  2251,  main  contact)  open;  Eg. MB,  taAWMdbta  eoMMeli  open;  ft* 
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In  operation,  the  circuit  is  dosed  by  hand  by  turning  the  handle 
downward  to  the  position  shown  in  fig.  2,250,  that  is  as  far  as  it  will  go. 

Since  the  toggle  has  passed  the  center  line  the  arm  will  be  held  nor- 
mally in  this  position  because  of  the  spring  action  of  the  contacts.  Now, 
if  the  current  rise  above  a  pre-determined  limit,  the  pull  exerted  by 
the  solenoid  will  overbalance  the  tendency  of  the  topgle  to  remain  in 
the  dosed  position,  and  pull  the  two  toggle  links  downward  below  the 
ranter  line,  drawing  the  contact  arm  back  and  breaking   the  circuit. 


tcbesN _ 

iff  to  the  fore*  supplied  by. ,.--,.   ..--. -- ,  - 

I  far  the  purpose.  Pontivenera  in  opening  ii  further  AMurvd  by  the  blow  or  me 
e,  which  n  added  to  the  other  opening  torn*:  bene*,  the  heaviet  Ae  ovtrttui,  lie 
lent  ibmbio^MpdthBQiorkerate cirvait  breaker  opera;  or  the  gTtitB  Vhe  cumiA 
""*        '"       "~  "''    "      ~      Invent  TmaKleateatfTuxasV 
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The  progressive  action  which  takes  place  during  this  operation  is  shown 
in  fig*.  2.250  to  2.233  in  which  the  main  contacts  separate  first,  then  the 
jntrrmrdiate,  and  finally  the  carbon  contacts  as  mentioned  before. 

Que*.    What  name  is  given   to   this   type  of  circuit 
maker? 

Ans.     It  is  called  an  overload  circuit  breaker. 


-~=adTC.      -- 

I  — : 

HHs 

m 

1  *&     MM*- "* 

\z±L 

BHEv 

\^ 

) 

TyEEi 

nHr^          *^*vS 

JJ^P^u   !  |              ■  I -,^£* 

lL 

1 ng# 

bracket ;   D,  ipririfp  «u 
rapport;   E,pia:eforF;    F.  carbon  support;   G 
'   -  -wftHi  J.  nut  for  K  ar.d  ft  ;  K.  re 


fgff™} 


naturr  with  contact  pl»t< 
ijj ;[.--.!!  »i;u  i..:i,.:i  C.!.  buv.'jii  liar'!''.-  ('-■'■  Ba;   D.i.  rprLn(J  n '■.!.'!■  I  it  Ea;  F..-.. 

,._  ...  .    .   .  ...    I1'?,  ofK-.v^v.fr'.ir.];  for  I",;    (,;,.  [.!-  for  I):   Hi.  t"ii:<>n  ti...:,i.T--vit:-  i-C)>))!T 

and  carbon  car.  ■.»*-£';;  Li,  11-4:^1  t.ov.::ti.-ioi:!i  lor  G  ar.d  F;  J  a,  screw  fur  <V  niii]  flexible 
UXWtlion  plate;  Kn.  it:™  for  .\.i  w::d  Ha;  La.  roojxr  '-/■  ■■■.r..l.«rv  i.-..-i.v.-t:  Ma,  screw  for 
Li;  N*.  Hfii-darvctjtLI.icr  Isvir;  0i.  ti'ra  tar  for  .\;i;  P.>,  k  -<-»-■■-.  r  L  a-.d  M  :  0:i,  ss-tunil- 
avyt.opij.e  link  licit  hud):  I^.sprinec<.i:i>r  f.ir  WaandO;  Pa.  t.r-j»!i  1.  vit:  Ta.hurTcrfor 
CbandSs;  Ua.  secondarr  toggle  link  (right  hand),  Va,  washer  for  Wa;  Wa.  pin  for  Cb, 
0».  CianilN:  Xa.  pin  forSa  and  Cv;  Ya.  spring  cotter  lor  all  rir.s.  «ccpt  Wa.citch  lever 
pin  and  buffer;  Za.  •econdMry  caitict  link:  Ab.  washer  for  Fta;  Bb.  auuu  ten  SV,  C\», 
War*™-,-  JJfc  end  for  Cb/  Sb,  tavw  tor  Db;  Fb.  handle  wiinttutV,  G«.*econo*n 
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Automatic  Features. — There  are  three  methods  of  connect- 
ing the  winding  of  the  solenoid,  or  trip  coil  as  it  is  called: 


Pros.  2.2B9  to  2362.— EIrmenlary  diigrura  iltuitratJRff  tl_ — 

BtagneticcoBUa]  tor  circuit  breakers.     Pifl.  2&M.  Qver\c»A  Mtt  ft;1'* 
fig.  sjtgi,  low  voltage  trip;  fig.  2 .202,  control  tiom  nuiiUwy  civcoivViTi  t 
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1.  In  series  with  the  main  circuit; 

2.  Jn  shtmt  with  the  main  circuit; 

3.  In  shunt  with  an  auxiliary  circuit. 

I  SERIES  RESISTANCE 


f 


LOW  VOLTAGE 
COIL 


TRIPPING 

SWITCH 


Pfc.  2JJ63.— Diagram  of  General  Electric  low  voltage  trip  with  tripping  twitch  normally  open. 

The  automatic  controls  arising  from  these  connections  give 
various  kinds  of  protection  to  the  circuit  and  are  known  as 

1.  Overload  trip; 

2.  Underload  trip; 

3.  Low  voltage  trip; 

4.  Auxiliary  circuit  trip. 

SERIES  RESISTANCE 


LOW  VOLTAGE  COIL 


TRIPPING 

SWITCH 


ftc  2.264. — Diagram  of  General  Electric  low  voltage  trip,  with  tripping  switch  normally 


» w 


Que*.    What  is  the  object  of  the  overload  trip? 

It  is  intended  to  open  the  circuit  when  tfc$  cuxtocfc 
a  predetermined  value* 
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Ques.    What  modifications  are  made  In  the  mechanism 
shown  In  the  elementary  diagrams? 

Ans.     Sometimes  a  latch  is  used  in  place  of  the  toggle  and  i 
place  of  the  solenoid  as  in  figs.  2,265  and  2,266. 
Why  is  a  magnet  used  in  combination  with  a 


magnet 
Ques. 
latch? 

Ans. 


Because  with  this  arrangement  very  little  movcmem 
open  position 


CLOSED   POSITION 


is  required  to  trip  the  breaker,  and  for  such  conditions,  a  mag' 
net  is  more  efficient  than  a  solenoid. 

Ques.    How  does  the  latch  arrangement  work? 
Ans.     When  the  proper  current  is  reached,  the  magnet  puEi 
open  the  latch  and  the  contact  arm  of  the  breaker  moves  By  th( 
■farce  of  gravity  or  other  means  and  opens  ttia  <axcoiV 
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Quel.    How  does  the  underload  trip  operate? 

Ans.    The  same  as  the  overload  type  except  that  they  operate 
a  &  dutmmtion  of  current  <n*t^ad  of  an  **»«»« 


joes.     Describe  the  no  voltage  trip. 

Ins.     The  energy  for  the  trip  of  this  breaker  is  derived  from 
igh  resistance  or  fine  wire  coil  which  is  arranged  to  be  placed 


'*7tt/!  brc&ks  aad 


rectly  across  the  tine,  in  operation,  when  the  current  flowing 
rough  the  circuit  falls  below  a  predetermined  valve,  the  energy 
the  coil  is  insufficient  to  counteract  the  force  of  a  spring,  w\wii 
m  trip*  the  bnmkxr. 
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Ques.    Describe  the  auxiliary  circuit  trip. 

Ans.    A  pressure  coil  is  used  which  is  energized  by 
from  an  auxiliary  circuit.    The  coil  is  only  momentarily  er 


LINE 


<y 


m  of  General  F.leclric  shunt  I 


Flo.  2.271.— General  Electric  ahui 

been  designed  to  provide  for  i 
under  which  the  low  voltage  w 
cannot  be  successfully  applied. 

blei  the  low  voltugo  a «-- 

stmctiPn.   bin   ,!,il--     ■ 
circuit  breaker  when 
ttip.  ihnulii  ha  alio* 
militarily  ill 


ullage  trip  u  deemed   to  operate 
ircuit  breaker  when  Dm  line  trolia*** 


.,  th.it 


iiplirixniifitcly  'HI  i-  r  i  ■  ijto 
irmal  voltage.    It  juld  be 


roTtx** 

.vleaol 


it  operate!  with  tns 


El??l™onE«tiBirirO 
it  ii  II ill II mil  II I 


Tuit.     Whenever  it 
it  opmine  auxiliary  twitch  inouldbi 


wed  in  connection  with  it. 


It  iJuhiM  be  i,,,.  ■]  I  • 

Msfi:  tX. 

iflui*(  of 

upon  the  voFues  "of  tbo  «y»tern)  m  tm 
with  the  low  voltage   release.    Tb>  ' 

ttratit  trip  coil  when  used  in  coniunc 
W|t^\  b.  pu&  WWim,  awiiliarlf  ■' 
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by  push  button,  relay  or  other  control,  as  distinguished  from  the 
preceding  types,  in  which  the  coil  is  constantly  energized. 


ftt  1.773 — General  Electric  circuit  open  I  ng  auxiliary  nrilth  Thii  switch  opera  an  auxiliar 
riicnit  when  the  circuit  breaker  opens,  and  ii  intended  to  be  tiled  in  connection  with 
■hoot  trip  attachment  to  insure  the  immediate  disconnection  "'  '  '  ' 

circuit.     It  may  also  be  employed  to  serve  other  purposes,  lud 

broker  haviror  a  low  volta«e  attachment,  and  petmittmB  .... 

mnam  dosed  ocly  when  the  circuit  breaker  equipped  with  the  auxiliary  switch  i* 


Que*.     What   other  name   is  given    to   the   auxiliary 
trip? 

It  is  sometimes  called  the  shunt  trip,  though  ill  ad- 


r 


ctrcttst  breaker  open  and  may  boused 


of  an  indicating  lami 


Ttiii  switch  closes  when  the 

one  circuit  breaker  to  that,  in  opening,  it  will  trip  wlirrs.     Tliismay  beoceom- 

itbreakere  to  be  tripped.     The  construction  of  thia  type  of 
ipened  by  hand  after  the  circuit  breaker  ipena,  but  it  is  auto- 


Relays. — Oil  break  switches  and  carbon  break  circuit  breakers 
are  commonly  used  to  open  electrical  circuits  at  some  given 
overload  and  on  short  circuit.     To  secure  additional  ptotac&flX 
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under  a  variety  of  abnormal  condition  or  to  provide  for  a  certain 
predetermined  operation  or  sequence  of  operations,  relays  may 
be  employed. 
A  relay  is  defined  as:  A  device  which  opens  or  closes  o* 


ite 

L,  tojgle  link; 
0,  tripping  cni 

in>;B*. 


irtcr,     specially  aanpted  to  motor  arm 
ills,    machine  .ahups,    factories,    foundri 

contact blade;  E*.  cotter  pin  forG;'P.  toggle  lin 
a;  f.  birwe  frame;  J.  nutating  lever;  K,  pin  fofl  and. 
screw  for  M.  O  and  P;  O,  nut  for  N  and  P;  P,  termini 
new:  S.  laminated  contact;  T.  calibrating  acafe;  U,  t»1 
t;  W,  knob;  X.  warfwr  for  V;  V.  handle;  Z,  buffer;  A 
a;  C*.  connection-,  'D»,  W*. 
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dliaiy  circuit  under  pre-determined  electrical  conditions  in 
main  circuit. 

lie  object  of  a  relay  is  generally  to  act  as  a  sort  of  electrical 
Itiplier,  that  is  to  say,  it  enables  a  comparatively  u-cak  current 
ring  into  operation  a  much  stronger  current. 

)uea.    For  what  service  are  relays  largely  used? 

Ins.    They  are  employed  in  connection  with  high  voltage 


POSITIVE  BUS 


HEGATIYE  BUS 


FROM  (SHCftATOR 
.  327ft. — Diacmn  of  connection!  of  Genera]  Electric  ihur.t  trip  coil  with  ar.d  without 


itches  where  the  small  amount  of  energy  derived  from  an 
linary  instrument  transformer  is  insufficient  for  tripping. 

The  connections  between  relaysand  circuit  opening  devices  arc  usually 
electrical.  Combinations  of  this  namrc  are  i-xtn.irii.-Iy  fluxiule  sinui: 
they  permit  the  use  of  a  numU-r  of  di-vkvs,  each  having  a  different 
function,  with  a  single  circuit  breaker  or  oil  switch  as  well  as  with  two 
or  more  switches,  to  secure  the  desired  operation  and  jnutection. 

Selection. — In  all  electrical  installations  protection  of  ap- 
iratus  is  important,  but  in  some  large  central  stations  this  Is 
cemdary  to  continuity  of  service. 
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To  combine  maximum  protection  without  interruptio 
service  is  not  always  possible,  but  these  requirements  a 
approximated  very  closely  by  the  use  of  reliable  and  s 


POSITIVE    BUS 


ALARM  BELL 


CIRCUIT  CLOSING 
AUXILIARY.  SWITCH 


RESISTANCE 

COW  VOLTAIC 
COIL 


EDUMITINO 
DEVICE. 


PiG.  3.073. — Diagram  of  connections  of  General  Electric  low  voltage  release  coil  wk 
with  speed  limiting  device  on  rotary  converter. 


» 


controlling  or  protecting  devices  if  proper  care  be  taken  to 
the  relays  suited  to  the  special  conditions  of  the  install 
To  do  this  intelligently,  a  knowledge  of  the  various  tyj 
relay  Is  necessary. 
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■»  ■ 

here  is  a  multiplicity  of  types  and  a  classification  to  be  com- 
lensive,  should,  as  in  numerous  other  cases,  be  made  from 
ral  points  of  view.    Accordingly  relays  may  be  classified. 

With  respect  to  the  nature  of  the  service  performed,  as 

a.  Protective; 

b.  Regulative; 

c.  Communicative. 

With  respect  to  the  operating  current,  as 

a.  Alternating  current;  - 

b.  Direct  current. 

With  respect  to  the  manner  of  performing  their  function,  as 

a.  Circuit  opening; 

b.  Circuit  closing. 

With  respect  to  the  operating  current  circuit,  as 

a.  Primary; 

b.  Secondary. 

With  respect  to  the  abnormal  conditions  which   caused 
i  to  operate,  as 

a.  Overload; 

b.  Underload; 

c.  Over  voltage; 

d.  Low  voltage; 

t.  Reverse  energy; 
/.   Reverse  phase. 

With  respect  to  the  time  consumed  in  performing  their 
tion,  as 

a  Instantaneous  (so  called); 
A  Definite  tune  limit; 
a  Znvene  thne  linritm 


,640  HAWKINS  ELECTRICITY 

7.  With  respect  to  the  character  o£  its  action,  as 


8.  With  respect  to  whether  it  acts  directly  or  indirectly 
the  circuit  breaker,  as 


Protective  Relays. — These  are  used  to  protect  circuits  fi 
abnormal  conditions  of  voltage,   or  current,   which  would 
vndesirable  or  dangerous  to  the  circuit  and  apparatus  contai 
therein. 
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Ques.    How  do  protective  relays  operate? 

Ans.  They  act  in  combination  with  automatic  circuit 
breakers,  operating  when  their  predetermined  setting  has  been 
Bached,  energizing  the  trip  coil  of  the  circuit  breaker  and  open- 

a&  the  circuit. 

Pig.  2,279  shows  the  principles  of  relay  operation.  When  the  current 
or  pressure  in  the  main  circuit  reaches  the  predetermined  value  at 
which  the  protective  system  should  operate,  the  relay  magnet  attracts 


the  pivoted  contact  arm  and  closes  the  auxiliary  circuit;  this  permits 
current  to  flow  from  the  current  source  in  that  circuit  and  energize  the 
trip  coil  thus  opening  the  main  circuit. 


Regulative  Relays. — This  class  of  relay  is  used  to  control 
be  condition  of  a  main  circuit  through  control  devices  oyexsiueA. 
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Ques.    For  what  service  are  relays  of  this  class  em- 
ployed? 

Ans.    They  are  used  as  feeder  circuit  or  generator  regulated* 
Ques.    How  do  they  differ  from  protective  relays? 

Ans.     They  have  chnerentiallyarranged  contacts,  that  is  to  say, 
arranged  for  contact  on  either  side  of  a  central  or  normal  position 


g.  SJaO. — Diagram  ahowing  a  railway  aynehronoi 
load  circuit  weaker  with  low  voltage  releaas 
loir  voltage  attachment  trips  the  bmjfer  on  I 
■peed  limit  device  cloaca.  Internal  troubles  a: 
automatic  device*  (set  ■town). 


re  of  by  the  alternatmg  a 


Communicative  Relays.— These  axe  used  for  signalling  In 
a,  great  variety  of  ways  for  indicating  ttie  ^oaSaraa.  <A  wwftrinmt 
apparatus  or  pre-determmxog  the  canoi&ori  eft. 
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K.C  and  D.C.  Relays. — As  here  used,  the  classification 
2rs  to  the  kind  of  current  used  on  the  auxiliary  circuit.  In 
ie  cases  direct  current  is  used  to  energize  the  trip  gear  of  the 
irit  breaker  or  oil  switch,  and  in  others,  alternating  current. 


CIRCUIT    BREAKER 


1,381. — niugrjiii  showing  three  phaoe 

wbn.  with  two  orerlo»d  eoiU,  olio  0L_  _. 

at  of  the  low  voltage  release  allowi  the  breaker  ti 

si  >  abort  circuiting  (witch  or  push  button. 


ed  by  triple  pole  overload  at 
and  low  voltage  release  coil- 
tripped  from  a  distance  by  mi 


i.C.  and  D.C.  relays    are    respectively    known    as    circuit 
mug  and  circuit  closing  relays,  being  later  fully  described. 

Circuit  Opening  Relays. — The  duty  of  a  circuit  o^aio% 
r mb  *>  *f*  **  auxiliary  circuit,  usually  aitmtaiut (  cuttot*,, 
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and  thereby  cause  the  oil  switch  or  circuit  breaker  to  be  opened  by 

the  use  of  a  trip  coil  in  the  secondary  of  a  current  transformer,  or 
by  low  voltage  release  coil. 


Fig.  2.282 .— Diagram  illuitratiu 


nn  o(a  circuit  opening  relay.     Whan  the relay 

i,  aiihown.  tbecoilie  short  circuited.  When  the 
ached  in  the  main  circuit,  the  relay  contact!  an 
current  through  the  t"£ 


tionary  contact,  the  current  from  the  transformer  which  supplies  th« 
relay,  flows  through  the  trip  coil  thus  opening  the  breaker.  These 
features  of  operation  are  shown  in  fig.  2,282. 

Ques.    Where  are  circuit  opening  relays  chiefly  em- 
ployed? 

Ans.    In  places  where  direct  current  is  not  available  for 
r  the  trip  coil. 
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toes.  What  is  the  objection  to  alternating  current 
colls? 

as.  They  have  relatively  high  impedance  and  impose  a 
y  volt  ampere  load  on  the  transformers. 

rcuit  Closing  Relays. — The  duty  of  a  circuit  closing 
■  is  to  close  the  auxiliary  circuit  at  the  time  when  the  pre- 
sumed abnormal  condition  is  reached  in  the  primary 
at.  The  closing  of  the  auxiliary  circuit  energizes  the  trip 
and  opens  the  breaker. 


■o  2JB1-— General  Electric  instantaneous  overload  circuit  opening  re .... 

-    Circuit  ripening  relava  are  uvd  chiefly  in  those  msq  where  direct  current  for 
itng  circuit  is  cot  available.    Alternating  current  trip  coils  have  relatively  high 

L  during  normal  operation  the  circuit  opening  relay  ia  frequently  used  and  is 


aa  the  trip  coila  if  the  gi 
lal,  closed  position,  short  ci 
other  abnormal  condition  t 
rwnt  through  the  trip  coil  ci 


:curacyba  required 
e  trip  coil.    When 


iof  a 


nr.  ak,  send- 

L       h         V.       h 


I  by  therriagr 


□Boe  forming  tho  support  for  t 
unction  which  is  picked  up  or  r 
id  which  actuates  tho  relay  co: 
bore  the  soleniod ;  a  tube  or  p 
(  flan  or  metal  to  Veep  out  d« 
ads  from  relay  coils  and  extern 

ues.    What  kind  of  current  Is  generally  used  for  the 
Mary  circuit  of  a  circuit  closing  relay? 


-  closing,  as  shown 


)f  IhB  solenoid;  a  plunger 

in  insuiaifd  base  usually 

i  corresponding  to  tapgrd 
n  figs.  2,202  to  2,300. 
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Ques.    At  what  pressure  ? 

Ans.     Prom  125  to  250  volts. 

Ques.    Where  Is  this  current  usually  obtained? 

Ans.     From  a  storage  battery,  or  from  the  exciter. 
Ques.    For  what  current  are  the  contacts   ordinarify 
designed? 

Ans.     About  1 0  amperes. 


alow  voltigo  release . 

ecurr-nco  <jf  the  condition  upon  *hich  the  tr\my  i*  dMigfflrf  •» 


I.:.",  nr  2rj.i  v- ■';..■,  i.,k.:n  IV,m  cviUT  buab*im  or  Koran  bat- 
'  '      the  tripping  circuit.     Circuit  ckjjni  contact*  bam  a 

,,■     ■.    ■    .     v.  :'  :■■  ■-:       ,.     ■.'        ■    .    ■■     ,  .:  ■ 

Ucurill  nuke  and  brmk  a 


d  central  <.v::-., :it  of  carbon  _. 

imetricalLy  arranged  abuvo  the  cone.    Tbe*e 
dampen  .<  at  US  volt*  without 


thru  contacts  for  connecting  one  rids  of  a  direct  curms 

Primary  and  Secondary  Relays. — Primary  relays  are 

times  called  series,  relays  as  they  have  the  current  coils  connected 
directly  in  series  with  the  line,  both  on  high  and  low  ten 
circuits. 

Secondary  relays  receive  their  current  svx^Vj  tasm.  ^3Bft 
ondary  circuita  of  current  txansionnBca,     &&uo»ft&%  « 


CURRENT  AND  PRESSURE  LIMITING  DEVICES      1,647 


ys   connected    to  secondary   of  pressure   transformers   and 

.ys  with  both  current  and  pressure  windings  are  included 

his  class. 

>ue«.     What  is  the  usual  winding  of  the  coils? 

ins.     The  current  coils  are  usually  wound  for  5  amperes  and 


s  coils  for  110  volts. 


al  up  by  hand  after  the 

unit  breaker.    They  in 


•oltage  relay,  for  800  vo]!a 
4  overload. type  except  thai 

___.~faiUbVlow"one"  halfoonnal.  the  cone  and  plunger  rcl  drop 
Thii  relay  dew  not  pick  up  iti  own  plunger.  The  plunger  rod 
''      -'  — "  a  eatabliihed.     Low  voltage  relayi  are 


_ right  result  from  (he  lo»  of  al 

ss  need  for  indicating  purpose*. 


Ones.  What  refinement  is  made  in  the  design  of  relays 
ttdwhy? 

Ans.  Care  is  exercised  to  reduce  to  a  minimum  the  volt 
ampere  load  imposed  by  the  relay  on  the  current  transformer 
to  permit  the  use  of  unstranded  meters  and  relays  upon  the  same 
transformer. 

The  use  of  circuit  opening  relays  to  cut  out  the  trip  coil  of  an  oil 
switch  during  normal  operation,  has  been  described,  and  in  the  short 
bine  that  the  trip  voilisin  circuit,  it  does  not  affect  the  accuracy  cAVoft 
„._.-„._...„,  _.,j„ —     xjaS  practice,  however,  does  not  »W>Yy  \n  Hi* 
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e  of  curve  drawing  meters,  voltage  compensators  or  other 
which  have  in  themselves  sufficient  load  for  separate  curren 
In  this  connection  it  should  be  noted  that  to  obtain  i 


olluee  trip,  receives  unersy  from  a  ti;y, 


..  __..  — _.... diitaatnrii 

Inc.    The  coils  ureas  Brnnard  that 

ve  or  2.i  %  below  normal.    The  ihu> 

"y  momentarily  enngi 

ttaga  coil  is  comlaiul; 


«  thB  Ci 


<n  of  stoma 
ilttgeofth 


ilt*B*o( 

ionoftne' 

ply  allows  the  breaker  to  itm] 
"-  -i  the  voltage  on  the 
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inSiuinent  and  meter  readings;  the  current  transformers  should  not  be 
loaded  beyond  certain  limits  which  depend  upon  the  volt  ampere  load 
and  power  factor  of  each  of  the  connected  devices. 

So  great  is  the  variety  of  combination  used  and  the  variations  of 
these  factor-sin  their  several  combinations  at  different  loads  and  settings, 
that  special  consideration  of  each  arrangement  is  advisable. 


he  2.303.— Genera]    Electric   alien 
trolling  45.000  volt  oil  iwitchee. 

rutndent 


.-„ 230  volts  direct 

nwnting  on  flat  amtacea-  Series 
tacept  m  the  coil  winding  and  inn 
tae  relay*,  a*  (bo*n,  are  n 

Hood  rod  tmra  each  relay  ii 

buckle*  an  uaziliary  toggle,  thereby  opening 


.  Orerioad  Relays. — Series  relays  are  connected  directly  in 
ikw  with  the  line  and  are  chiefly  used  with  high  pressure  oil 
[wale  switches  for  overload  protection.  If  current  transformers 
M*  to  be  used  on  the  same  circuits  for  other  purposes,  &yv4  \isn6 
wfiMtf  opacity  to  admit  of  adding  a  relay  ooJ\,  secoiAarj 
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relays  would  be  more 
otherwise,  the  series  it 
expensive. 

By  means  of  a  spec 
wooden  rod,  the  rela; 
tripping  switch,  closing 
tripping  circuit,  tisuall; 
volts  direct  current. 
are  essentially  the  sarr 
ary  relays  except  in  tl 
ing  and  insulation. 

Underload  Relays. 

similar  in  construction 
age  relays  but  have  cm 
of  pressure  windings. 

Over  Voltage    Rel 

are  usually  of  the  ci: 
type  and  are  similar  1 
overload  relays,  but  h 
instead  of  current  win< 

Low  Voltage  Rela 

of  this  class  arc  in  mo: 


ipcre  (ingle  pole  back  connected  type 
gedthatl 


mechanism,  lake) 

flexible  structure.    Its  d/»adrant»ge  is  thsl  it  doaes  slowly,  and  it  m 
beusedvipUHx*  when  quick  clocne  is  essential. 
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protection  of  motors  in  the  event  of  a  temporary  weakening 
e  of  the  pressure.  They  are  also  used  in  connection  with 
oltage  release  or  shunt  trip  coil  on  an  oil  switch  or  a 
ireaker. 


■■e  Energy  Relays. — The  chief  object  of  this  species  of 
to  protect  the  generator.    When  so  used,  the  overload 


— General  Elect  ric  direct 
iisilehes,  etc.,  frequently 
ig"  coil*-     This  neceeaitat 


ilea  satisfactorily  oa  one-half  the  ratec 
a  ba  wound  far  operation  oa  125,  250, 


mtrol  relay.    Solenoids  for  operating 

—  -  , rely  large  operating  current*  in  the 

e  use  of  relatively  heavy  leads  between  the  control 

use  of  severe  arcing  at  the  control  switch,  especially 

These  objectionable  features  can  best  be  eliminated 

i  insulated  from  the  frame  of  the  relay. 
voltage  and  requires  only  a  very  smail 
ind  the  relay  coils  are  independent.    The 


lent  is  set  at  the  maximum  value  to  give  overload  pro- 
only  at  the  maximum  carrying  capacity  of  the  generator 
sensitive  reverse  protection  to  prevent  a  return  of  energy 
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Reverse  Phase  Relays. — This  type  of  relay  is  used 
to  prevent  damage  in  case  of  reversal  of  leads  in  re-coi 
wiring  to  two  or  three  phase  motors. 

Time  Element. — It  is  often  inconvenient  that  a 
breaker  should  be  opened  immediately  on  the  occurr 
what  may  prove  to  be  merely  a  momentary  overload, 
time  lag  attachments  are  frequently  provided,  particulai 


relays.     These  devices,  which  may  form  part  of  the  i 

may  be  quite  distinct  from  it,  retard  its  action  until  the  c 

has  lasted  for  a  pre-determined  time — several  seconds  or 

Ques.    What  should  preferably  govern  the  tin 

Ans.     It  should  depend  on  the  extent  to  which  the  ovt 

reduced  as  the  time  elapses. 
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Instantaneous  Relays. — The  so  called  instantaneous  relays 
jperate  almost  instantly  on  the  occurrence  of  the  abnormal 
ondition  that  they  are  to  control. 

There  is  of  course  a  slight  time  element  comparable  with  that  of  an 
overload  circuit  breaker,  but  for  practical  purposes,  the  operation  may 
be  considered  as  instantaneous. 


WRRENT 
RANSFDRM 


PIVOT 


OOHTAGt 


he 2,307. — Electric  circuits  of  Condit  type  "A"  relay.  The  construction  is  described  in 
fig.  2.309.  As  here  shown,  the  relay  is  not  in  operation,  but  should  the  current  passing 
through  the  coil  be  of  sufficient  value  to  cause  the  lower  movable  half  of  the  magnetic 
circuit  to  approach  the  upper  stationary  half  of  the  circuit,  the  relay  will  be  transformed 
from  an  ordinary  electromagnet  into  a  repulsion  motor.  The  contact  will  short  circuit  the 
brushes  of  the  armature  and  thus  cause  it  to  revolve,  the  speed  of  rotation  being  depend- 
ent on  the  amount  of  current  flowing  to  a  predetermined  point,  and  thereafter  the  speed 
oi  rotation  of  the  motor  remains  constant  irrespective  of  the  current  value.  Time  ad- 
justment: This  is  obtained  by  varying  the  distance  through  which  the  contact  travels, 
provision  being  made  whereby  adjustment  can  be  made  as  close  as  .  1  of  a  second.  Cur- 
rtnt  adjustment:  This  is  obtained  by  means  of  a  calibrated  spring.  Standard  relays  are 
calibrated  at  ft,  8,  10,  and  12  amperes,  the  coils  being  designed  to  carry  five  amperes 
continuously,  with  a  temperature  rise  not  exceeding  86*Fahr.  Power  to  operant  «\a.>j\ 
The  relay  require*  twenty  volt  amperes  for  its  operation  at  full  load;  the  Vrj&aeas*  <&>&* 
tnmofrehMroatbemUoaadphuseangle  of  current  tra—fr^^  \%  qmott, 
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Time  Limit  Relays. — Under  this  classification  there  a 
sub-divisions. 


1.  Definite  time  limit; 

2.  Inverse  time  limit. 


| 

yci.rs 

;..  ■ 

i    Msl 

SE 

Or... 

.,:. 

1    Wl 

Tic.  2.308.— Characteristic  curves  of  Condit  type  A  aelective  relay.  Curves  1.  2.  3,  and  4 
•how  the  time  variation  of  this  relay  with  different  icitiniis  at  the  various,  current  values. 
The  relay  mar  bo  adjusted  to  trip  the  twitch  at  any  point  represented  between  curves  1 
and  4.  This  reiziy  is  ;i  n.-mbinslidn  of  an  un-rut  tint  limit  relay  and  aatrjiiiiJa  timt  Uml 
relay.  The  combination  of  the  chsTurtrristits  ol  the  two  types  are  tern  in  the  esrre. 
■>  bnaM,  and  the  latter  part  Mflaltt  from  ■  point  of  th™j  or  ioui 
tuna  full  load  current.  This  combination  of  feature*  beinf  desirable  as.  for  instance. 
in  transmission  work,  particularly  where  it  is  necessary  to  use  circuit  breakers  art  sclsc- 


ms  cans  valoem  ariJJ  saver  operate  snmulianecniaVj 
oreuit  current,  thus  Uautiag  toward  coaUnuitv  ot 


tsatqre  of  the  latter  part  I 
nt  v\  \fi  QptiWJt  ah*a«as-  I 
t«w«n»wsn 
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Quea.    Describe  the  time  mechanism  of  a  definite  time 

limit  relay. 

Ans.     It  consists  of  an  air  dash  pot,  and  an  air  diaphragm  or 
equivalent  retarding  device  connected  to  the  contact  mechanism. 

Ques.    How  does  it  operate? 

Ans.    In  some  designs,  when  the  contacts  are  released,  they 
descend  by  gravity  against  the  action  of  the  retarding  device 


lit  type  "A"  •electin  nla*.  designed 
nvm  or  Qucriminatiii  g  Action  id  required.  Trie  c 
n  flhatratrd  in  fig.  2.307,  and  its  characteristics  i 

wimI  cuttdliiuus,  the  fields  are  uparat.nl  (™ 
does  Dot  revolve.    The  force  tending  to  pi 
trr  ■  sprimi.  the  compression  of  which  d 
owtn  the  relay-  to  begin  operation.     The 


for  use  with  circuit  breakers  when 

ui  fig.  2.308.     In  coaitrucrjon,  the 

•darmatoeanda  split  fitU.     Under 

faces  of  the  field  together  u  opposed 


thereby  malting  contact  a  definite  interval  after  the  occurrence 
cf  the  abnormal  condition. 
Ones.    How  does  the  inverse  time  limit  type  operate? 

Ans.    The   actuating  and   contact    mechanism   \&    attadruA 
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directly  to  an  air  bellows  and  in  operation  tends  to  compress 
bellows  against  the  action  of  a  specially   constructed  esc 
valve  in  the  latter. 
Ques.  Why  Is  the  arrangement  called  inverte  time  11m 
Ans.    Because    the    retardation    varies  inversely  with 
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sure  on  the  bellows,  and  therefore  inversely  with  the  mag- 

ide  of  the  abnormal  condition. 

Uea.    What  other  device  may  be  used  to  retard  the 

ration? 

ns.     A  damping  magnet  is  sometimes  used  which  acts  on  a 
or  drum  and  which  may  be  adjustable. 


•erin    overload 


■rbreaka 
■  without  auxiliary  circuit  rnwnina  Bwil 

.,  _antiD3ed  by  one  automatic  oil  break  mi.. 

load  and  [hant  trip  or  low  voltage  release  carbon  break  circuit  breaker.     The* 


(hies.  How  is  the  inverse  time  element  introduced 
this  arrangement? 

has.  The  retardation  is  due  to  eddy  currents  induced  by 
wing  the  disc  or  drum  through  the  magnetic  field.  The 
ctioo  thus  induced  varies  inversely  with  the  rriagtuX»uft  at 
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the  force  with  which  the  disc  or  drum  is  urged  through  the  fit 
and  hence  inversely  with  the  abnormal  condition. 

Ques.    What  are  the  ordinary  limits  of  adjustme 
for  Inverse  time  limit  relays? 

Ans,     From  one-half  second  to  30  seconds,  depending  up 
the  time  setting  and  magnitude  of  the  overload  current. 
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A  setting  of  from  two  to  sis  seconds  is  ordinarily  used,  dependj 
upon  the  requirements.  Where  selective  operation  is  desired  a  minimi 
setting  of  two  seconds  is  recommended. 

Differential  Relays. — In  this  type  of  relay  there  are  t» 

electromagnets.     In  normal  working  these  oppose  and  neutral! 

each  other.    Should,  however,  either  'winding  become  strong 
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jf  weaker  than  the   other,  the  balance  is  upset,  the  magnet 
aiergized,  and  the  relay  comes  into  operation. 

A  modification    of   such  a  relay  for   alternating   current    is 
ihown  in  fig.  2,322,  from  which  it  will  be  seen  that  when  the 


?IJ.  5.322. — Differential  relay  tianifoi  i 
'—™      A  differential  relay  u  on 
~  Iharoppaimndueultoliti 

. .. jt  weaker  than  the  other,  the  balance 

rfUy  cornea  into  operation.     A  modification  of : 

ibown,  from  which  it  will  be  eeen  that  when  ti.._ 

hat  the  larger  pi  name  induced  in  it,  whereas,  ihould  the  i 


currents  are  as  indicated,  the  circuit  A  has  the  larger  pressure 
induced  in  it,  whereas,  should  the  main  current  reverse  with 
reference  to  the  shunt  current,  the  circuit  B  would  have  the 
larger  induced  pressure. 


HELAYS  MARKED  '  *"E 

CUNE^/iLLY  INSTANTANEOUS 
AND  ARE  SO  SHOWN, 

WHERE  TViO  OP  HOSE  BELAVS 
:  <"*  SHOWN  1  ONE  LOCATION. 

indices  T„jntiTMr«rORM 


Q  ING  CONDI 

ttid  bona  iJoijwmsi  toiKism.  o£  rim. 
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How  to  Select  Relays. — Tlie  following  general  information 
relays,  together  with  reference  to  the  one  line  diagram, 
2,323,  will  be  of  interest  and  assistance  in  making  a  selection 
m  the  various  relays  previously  described  to  meet  the  require- 
nts  of  modern  power  house  and  sub-station  layouts. 

2  used  en  single  phase  and  on  balanced  three 
ire  used  on  ungrounded  three  phase  and  on 


to  2.329. — General  Electric  inverse  time  limit  overload 


type  of  relay  its  mechanism  ii  ao  designed  that  a  delay  or  lapse  of  time  in  opening 
cuenit  breaker  after  a  pie-determined  condition  of  the  circuit  has  been  reached,  de- 
nl>  on  the  flow  of  current,  that  ia,  if  the  current  be  great,  the  time  will  be  small,  and 
x  current  be  of  a  moderate  value,  the  time  will  be  correspondingly  longer. 


if  the  current  be  of  a  moderate  value,  the  time  will  be  correspondingly  longer. 

Triple  pole  relays  are  used  on  three  phase  grounded  neutral  and 
interconnected  quarter-phase. 

Circuit  closing  relays  are  recommended  in  all  cases  where  a  conslant 
source  of  direct  current  is  available  for  operating  trip  coils. 

The  conditions  for  which  relays  have  been  designed  for  power  circuits 
nay  perhaps  be  best  described,  by  considering  a  one  line  diagram  from 
the  generator  end  to  the  sub-station  auxiliary  machines  and  feeders. 

Considering  first  alternating  current  circuits,  the  prevailing  practice 
b  to  make  the  circuit  breakers,  by  which  the  alternators  are  connected 
to  the  low  tension  bus  non-automatu,  in  order  to  insure  minimum 
interruption  of  alternator  service.     The  chance  of  trouble  in  this  uart 

WW     I.  naliiti.ff  rW»  fYiiminYn  lifi  Cix. 
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of  the  circuit  is  remote,  but  should  it  occur,  the  station  attend 
generally  open  the  circuit  brealcer  before  the  machines  would  1 

Reverse  current  relays  of  instantaneous  or  time  limit 
often  connected  to  the  secondaries  of  current  and  of  press 
formers  to  indicate  by  lamp  or  bell  any  trouble  that  may  oc 
generator  circuit. 

These  relays  operate  with  a  low  current  reversal  at  full  pn 
conversely  with  a  proportionally  greater  current  at  voltages 
normal.  At  zero  pressure,  the  relay  would  act  as  an  overlos 
for  high  overload.  At  zero  current,  a  voltage  considerably  ir 
normal  would  be  required  to  operate  it. 


.  showing  two  phase  moti 


o  single  pole  breakers  in 


Specifications  sometimes  call  for  automatic  generatoi 
breakers:  in  this  case  definite  time  limit  overload  relays  t 
They  are  connected  in  the  secondaries  of  current  tran 
and  are  designed  to  give  the  same  time  delay  for  all 
conditions;  they  allow  the  defective  circuit  to  be  op 
possible,  at  a  point  more  remote  from  the  generator  t 
generator  circuit  breaker. 
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the  total  generator  capa- 
;ds  the  rated  rupturing 
if  the  circuit  breakers,  one 
ectionalizing  circuit  break- 
iced  in  each  bus. 

sting  conditions  admit,  these 
■e  made  non-automatic  and  are 
inected  except  in  case  of  emcr- 
t  if  it  be  necessary  for  them  to 
ually  in  service,  they  may  be 
tomatic  by  means  of  instan- 
ntrload  relays  connected  to 
-ansformers  in  the  low  voltage 
clays  being  adjusted  to  trip  the 
raker  under  short  circuit  con- 
onfimng  the  trouble  to  one  sec- 
preventing  the  circuit  breakers 
more  than  their  rated  capacity. 

tions  with  but  one  batik 
transformers,  and  without 

jge  bus,  are  provided  with 
circuit  breakers  operated 

erse  time  limit  relay. 

lay  is  connected  to  the  second- 
current  transformers,  which  in 
nnnected  in  the  low  voltage  side 
ner  transformer. 

s  with  more  than  one  bank  of 
msformers,  a  high  voltage  bus. 
and  low  voltage  circuit  breakers, 
;  both  circuit  breakers  arranged 
IT  one  after  the 
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TO  RESPECTftt  MAINS  ON  SENEAATDR  SIOC  OF  APPARATUS 


for  I-T-B  circuit 
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TO  RESPECTIVE  MAINS  ON  GENERATOR  SIDE  OF  APPARATUS 
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termi  nal  win*  connected  to 
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In  plants  in  which  two  or  more  banks  of  transformers  are 
iperated  in  parallel  between  high  and  low  voltage  busses,  it  is 
lesirable  to  have  for  each  transformer  bank,  an  automatic 
ircuit  breaker  equipment  which  will  act  selectively  and  dis- 
connect only  the  bank  in  which  trouble  may  occur.  With  a 
circuit  breaker  on  each  side  of  transformer  bank,  selective 
action  may  be  secured  in  two  ways  as  follows: 

1.  By  means  of  an  instantaneous  differential  relay  connected 
k  the  secondaries  of  current  transformers  installed  on  both  the 
Ugh  and  low  voltage  sides  of  each  transformer  bank. 

The  relay  operates  on  a  low  current,  reversal  on  either  side  of  the  bank. 

2.  By  means  of  one  inverse  time  limit,  secondary  or  series 
:  relay  installed  on  that  side  of  the  transformer  bank  which  is 

S  opposite  the  source  of  power,  the  relay  being  arranged  to  trip 
both  the  high  and  low  voltage  circuit  breakers. 

|  The  first  method  has  the  disadvantage  of  high  first  cost  due  to  the  high 

1         voltage  current  transformers  required,  but  is  more  positive  than  the 
<         second  method  and  is  independent  of  the  number  of  transformer  banks 
in  parallel. 

The  second  method  is  the  less  expensive  of  the  two  and  protects 
against  overloads  as  well  as  short  circuits  in  the  transformers,  but  it 
is  less  positive  and  introduces  delay  in  the  disconnection  of  the  trans- 
former when  trouble  occurs.  Furthermore,  it  is  not  selective  when  less 
than  three  banks  are  operating  in  parallel. 

The  automatic  circuit  breakers  in  the  outgoing  line  may  be 

operated  from  inverse  time  limit  relays  connected  in  the  sec- 

;  ondaries  of  current  transformers;     or  in  case  transformers  are 

;  tot  necessary  for  use  with  instruments,  series  high  voltage  inverse 

j  time  limit  relays  connected  directly  in  the  line  may  be  used. 

Whether  to  select  current  transformers  with  relays  insulated 
or  low  voltage,  or  to  choose  series  relays,  is  a  question  of  first 
cost  and  adaptability  to  service  conditions.      Below  3%,Qfib  N<&&% 
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the  commercial  advantages  in  favor  of  the  series  relay  are  sli 
and  since  it  is  somewhat  difficult  to  design  this  device  for 
large  current  capacities  met  with  at  the  lower  voltage,  i 
generally  the  practice  to  use  the  relay  with  current  transfon 
because  of  its  operating  advantage.  This  practice,  howeve 
not  entirely  followed,  since  some  service  conditions  (descri 
later)  make  the  use  of  series  relays  very  desirable  and  pract 


« 


Figs.  2.338  and  2.339.— General  Electric  instantaneo 

us  direct  current  reverae  currant  or ' 

CTimlnaHnl"  relayi.      Fig.  2.23S.  for  500  amp 
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Inverse  time  limit  relays    are    satisfactory  for  one,  or  in 

than  two  outgoing  lines  in  parallel  as  they  act  selectively  to  < 

coohect  the  defective  line  only,  but  uisfca&aJaaiia  Vifla.  <k&j' 
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tgoing  lines  in  parallel  have  the  same  load  conditions  in  both 
es  and  selective  tripping  of  the  circuit  breakers  in  the  defective 
e  is  obtained  by  means  of  a  selective  relay  acting  instanta- 
ously  tinder  short  circuit  conditions  only. 
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rf'suffS 
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or  time 

transformers  in  each  high  voltage  line  and  pressure  transformers  in  the 
low  voltage  bus- 
In  the  sub-station,   the  conditions  are  the  reverse  of  those  in  the 
main  station,  the  incoming  lines  becoming  the  source  ol  powct. 
It  Oam  be  only  oom  incoming  Una  and  00  high,  vottsgp  \*»»  ft» * 
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circuit  breaker  is  generally  non-automatic.  With  one  incoming  lint) 
and  high  voltage  bus,  the  circuits  from  the  service  side  of  the  bus  an 
equipped  with  automatic  circuit  breakers  and  relays.  These  relays  and1 
those  used  for  other  arrangements  of  two  or  more  incoming  lines  id 
parallel,  as  well  as  high  and  low  voltage  circuit  breakers,  are  of  the  same 
design  and  are  applied  in  the  same  manner  as  for  the  generating  station. 
Regarding  the  relay  equipments  for  auxiliary  machines,  the  same 
practiceis  recommended  with  the  generator  end  of  alternating  current 
motor  generator  sets  as  with  the  main  generators,  the  outgoing  feeder  cir- 
cuit breakers  being  trippedf  rom  inverse  time  limit  or  instantaneous  relays. 


Pig.  2.34 1 .— General  Electric 
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set  and  the  other  dynamos). 

With  several  synchronous  machines  in  parallel,  the  relays  are  arranged 
to  operate  with  the  least  time  delay  with  which  it  is  possible  to  get 
selective  action,  in  order  to  prevent  the  machines  being  thrown  out  ri 
step  in  event  of  trouble  conditions  causing  a  decrease  of  voltage. 

The  various  types  of  induction  motor  and  various  conditions  under  winch 

.   they  are  employed,  have  brought  about  the  development  of  several  types 

of  relay  to  protect  the  motors  and  the  apparatus  with  which  they  are  used. 

It  is  desirable  to  disconnect  a  large  motor  in  case  of  voltage 
fotfwe,  and  with  conditions  requiring  either,  s.  tqcAjsi  ttgexa&nL, 
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or  a  solenoid  operated  circuit  breaker,  a  low  voltage  relay  is 
used  to  close  the  tripping  circuit  whenever  the  voltage  decreases 
to,  approximately,  60  per  cent,  below  normal. 

Up  to  650  volts,  these  relays  may  be  connected  across  the  line,  but 
for  higher  voltages  they  are  connected  to  secondaries  of   pressure 


Fie  3.M2.- -Coudit __„„___ 
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graphite  piston.     The  piston  of  the  dash  pot  is  connected  to 

by  the  armature-     When  the  current  reaches  a  point  where 
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tic  pull  continue*  the  vacuum  is  overcome  di 
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transformers.  Smaller  motors  with  which  band  operated  circuit  brea 
are  used,  are  generally  provided  with  low  voltage  release  attachm 
that  perform  the  same  function  as  the  relay.    - 

Induction  motors  are  sometimes  subjected  to  high  volt 
conditions  and  to  protect  them  from  injury,  high  or  etc 
voltage  relays  are  employed  to  trip  the  automatic  circuit  breal 


re  limit  relay  as  illustrated  In 


to.  3,3*3. 
D.  19  Mf 


These  relays  are  of  similar  design  and  wired  in  the  same  man 
as  the  low  voltage  relays. 

Reverse  phase  relays  have  been  developed  for  operating  c 
ditions  under  which  a  reversal  of  phase  would  cause  troul 
as  for  example,  in   the  case  of  elevator  motors. 

These  are  so  designed  that  any  phase  reversal  that  would  reversi 

induction  motor,  would  operate  the  relay  and  disconnect  the  anted 

circuit  breaker. 

The  design  is  based  on  the  principle  of  the  induction  motor,  an 

the  cage  of  low  voltage:  motors  oi  UvriuA  ca.pso.Vj,  <&«  tdx?  ma] 
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connected  in  series  in  the  motor  leads.  If  the  voltage  or  capacity  of 
the  motor  make  this  arrangement  inexpedient,  the  relay  may  be  placed 
in  the  secondaries  of  current  or  pressure  transformers  connected  in  the 
motor  leads. 

Underload  relays  are  often  used  to  trip  the  automatic  circuit 
breaker  that  is  placed  in  the  primaries  of  arc  lighting  circuits  to 
prevent  an  abnormal  rise  of  secondary  voltage  in  case  of  a  break 
in  the  secondary  circuit. 


A/W 


CIRCUIT 
BREAKER 


00 


MOTOR 
GENERATOR 


H 


III 


STORAGE  BA 


Mil 


III 

TERY 
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&Bk  2£44. — Diagram  showing  storage  battery  and  charging  dynamo  protected  by  double 
pole  sinftle  coll  underload  circuit  breaker.  In  operation,  the  circuit  breaker  discon- 
nects tk*  battery  vhen  fully  charged,  and  protects  the  dynamo  from  reverse  current. 


The  underload  relay  is  similar  in  design  to  the  low  voltage  relay  ex- 
cepting that  it  acts  on  a  decrease  of  current. 

The  problem  of  protecting  induction  motors,  from  injury, 
that  may  result  from  running  on  single  phase,  or  from  an  over- 
bad, and  at  the  same  time  permit  the  motor  to  be  started  with 
the  necessarily  high  starting  current  that  may  be  greatly  in 
excess  of  the  overload  current,  has  caused  the  development  of 
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fach  m»y  be  adjwted  to  give  the  desired  protection. 

field  for  relays  is  more  extensive  for  alternating  current 
far  direct  current  power  circuits,  the  latter  being  gener- 
mfined  to  much  smaller  and  simpler  systems  and  areas 
tribution,  and  generally  sufficient  selective  action  can  be 


led  by  the  use  of  fuses  or  circuit  breakers  arranged  with 
itaneous  trip. 

rating  conditions  sometimes  make  it  advisable  for  the 
itor  circuit  breakers  to  open  only  after  the  auxiliary  and 
■s  have  failed  to  isolate  the  trouble. 
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This  is  accomplished  by  using  direct  current  series  inverse  time  limit 
relays  to  trip  the  generator  circuit  breakers. 


Instantaneous,  reverse  current  relays  are  used  to  trip  the 
machine  circuit  breaker  of  battery  charging  sets,  rotaries  and 
motor  generator  sets  to  prevent  their  running  as  a  motor  on  the 
charging  or  direct  current  end.  These  relays  can  act  only  in 
case  of  current  reversal. 

To  prevent  serious  unbalancing  of  voltages  in  Edison  three-; 
wire  systems  causing  trouble,  differential  balance  relays  are] 
used  to  trip  the  circuit  breakers  on  a  small  percentage  of 
unbalancing. 
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CHAPTER  LIX 

LIGHTNING  PROTECTION  DEVICES 


lightning  protection  devices,  or  lightning  arresters,  are 
rices  for  providing  a  path  by  which  lightning  disturbances 
other  static  discharges  may  pass  to  the  earth. 

Lightning  arresters,  designed  for  the  protection  of  trans- 
ission  lines,  must  perform  this  function  with  a  minimum 
npairment  of  the  insulation  of  the  lines. 

In  general  the  construction  of  lightning  arresters  comprise 

1.  Air  gaps; 

2.  Resistances; 

3.  Inductances; 

4.  Arc  suppressing  devices. 

Ques.    What  are  the  causes  of  static  charges? 

Ans.    They  may  be  caused   by  sandstorms  in  dry  climates, 
Kmay  be  due  to  grounds  on  the  high  pressure  side  of  a  system. 

Ques.    What  causes  high  frequency  oscillations? 

i  Ans.  They  are  usually  due  to  lightning  discharges  in  the 
pi&iity  of  the  line. 

P.    What  are  the  requirements  of  lightning  pro- 
devices? 

i  Ans.   They  must  prevent   excessive    pressure   <Ji&ereara& 
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between  line  and  ground,  line  and  line,  and  between  condu< 
turns  in  the  electrical  apparatus. 


Air  Gap  Arresters. — A  method  of  relieving  any  abn< 
pressure  condition  is  to  connect  a  discharge  air  gap 
some  point  on  an  electric  conductor  and  the  ground, 
resistance  thus  interposed  between  the  ground  and  the 
ductor  is  such  that  any  voltage  very  much  in  excess  of 
maximum  normal  will  cause  a  discharge  to  ground,  wh< 
at  other  times  the  conductor  is  ungrounded  because  of  the 
gap.    This  forms  the  principle  of  air  gap  arresters. 


LINE 


ooooooooooo 

NON-ARCING  METAL  CYLINDERS 


Fig.  2,849. — Non-arcing  multigap  arrester.      Baaed  on  the  principle  of  employing  ft* 
terminals  across  which  the  arc  is  formed,  such  metals  as  are  least  capable  of  maintaining 
alternating  arc  between  them.     This  so  called  non-arcing  property  of  certain 
was  discovered  by  Alexander  Yfurtt.    The  action  is  such  that  the  "line  current1' 
follows  the  lightning  discharge  follows  as  an  arc,  but  is  stopped  at  the  end  of  one 
nation  because  of  the  property  of  the  non-arcing  metals  to  carry  an  arc  in  one  dir 
but  requiting  an  extremely  high  voltage  to  start  a  reverse  arc    The  non-arcing 
ordinarily  employed  are  alloys  of  zinc  and  copper.     Plain  multi-gap  arresters  as 
shown  operate  satisfactorily  with  the  smaller  machines  and  on  circuits  of  limited  ] 
but  for  large  machines  of  close  regulation,  and  therefore  of  very  large  momentary 
load  capacity,  especially  when  a  number  of  such  are  operated  in  parallel,  such  ar* 
were  found  insufficient,  the  line  current  following  the  lightning  discharge  frequently 
enormous  that  the  circuit  did  not  open  at  the  end  of  the  half  wave,  that  is  thes 
held  the  arc  and  was  destroyed.    The  introduction  of  synchronous  motors  made  it 
sary  that  the  arc  should  be  extinguished  immediately,  otherwise  the  synchronous  i 
and  converters  would  drop  out  of  step,  and  the  system  would  in  this  way  be  shut 
To  insure  the  breaking  of  the  arc,  resistance  was  introduced  in  the  arrester,  the  ~ 
device  being  known  as  the  low  equivalent  arrester  as  shown  in  fig.  2,360. 


The  single  gap  while  adequate  for  telegraph  line  protection/ 

was  found  insufficient  for  electric   light  and   power  circuits, 

because  since  the  current  in   such  circuits  is  considerable  and: 

usually  at  high  pressure  it  would  follow  the  lightning  discharge 

across  the  gap.     Thus  the  problem  arose  to  devise  means  for 


k 
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it  circuiting  the  line  current   resulting  in  various  modifica- 
is  of  gap  arrester. 


[ulti-gap  Arresters. — The  essential  elements  of  an  arrester 
his  type  are  a  number  of  cylinders  spaced  with  a  small  air 
between  them  and  placed  between  the  line  to  be  protected 
the  ground,  or  between  line  and  line. 

t  operation,  the  multigap  arrester  discharges  at  a  much 
r  voltage  than  would  a  single  gap  having  a  length  equal 
te  sura  of  the  small  gaps.  In  explaining  the  action  of  multi- 
,  there  are  three  things  to  consider: 


SHUNT  RESISTANCE 


-ooooooooooo 
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GROUND 

■wvww ► 

SERIES  RESISTANCE 


3S0l — Low  equivalent  arrester.  This  is  a  modification  of  the  multi-gap  arrester  shown 
fif.  2340.  About  half  of  the  total  number  of  gaps  are  shunted  by  a  resistance,  and 
lotaer  resistance  inserted  between  the  cylinders  and  the  earth.  With  this  arrangement 
is  — «*trl"U  point  is  at  ground  pressure,  and  there  are  between  line  and  ground  only  one 
df  of  the  total  number  of  gaps.  This  is  sufficient  to  prevent  a  bridging  of  the  gaps 
normal  conditions. 


The  transmission  of  the  static  stress  along  the  line  of  the 
aders; 

The  sparking  at  the  gaps; 

The  action  and  duration  of  the  current  which  follows  the 
*k,  and  the  extinguishment  of  the  arc. 

toes.    What  Is  a  spark? 

ns.    The  conduction  of  electricity  by  air. 

toes.    What  Is  an  arc. 

as.    Tbe  conduction  of  electricity  by  vapor  of  the  etecfccoda. 
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Distribution  of  Static  Strew.- The  cylinders  of  the 

arrester  act  like  plates  of  condensers  in  senes.     This  conde 
tion  is  the  essential  feature  of  its  operation. 

When  a  static  stress  is  applied  to  a  scries  of  cylinders  be 
and  ground,  the  stress  is  immediately  carried  from  end  to  er 


to  the  opposite  face  and  so  on  down  the  ei 

The  second  cylinder  has  a  definite  capacity  relative  to 
cylinder  and  also  to  the  ground;  consequently  the  charge  i 
the  third  cylinder  will  be  less  than  on  the  second  cylinder,  i 
fact  that  only  part  of  the  positive  charge  on  the  second  cylind 
negative  electricity  on  the  third,  white  the  rest  of  the  char] 
negative  electricity  to  the  ground.  Each  successive  cylinder 
from  the  top  of  the  arrester,  will  have  a  slightly  smaller  char 
tricity  than  the  preceding  one. 


PlC.  2.351.— General  F 
sists  of  fourteen  5,' 
eclaiti  base.    One  of  these  rods  has 

extinguishing  Che  line  ci 


voltage  when  the  frequencies  are  high  as  well  as  when  they  are  low.  Its  (' 
in  withholdiilH  the  lin-1  current  from  the  gapa  after  the  rHi.-ving  discharge  h 
is  to  aid  the  non-arcing  quality  o(  the  metal  cylinders  in  quickly  suppressing 
tollon  a  dlKhufn.  The  in  u  .-Uraguished  at  the  end  of  the  haft  cycle  of 
in  which  the  discharge  takes  place. 

Sparking  at  the  Caps.— The  quantity  of  electricity  indui 
second  cylinder  is  greater  than  on  any  lower  cylinder  and  its 
greater  pressure  strain  across  it  as  shown  in  fig.  2,357.  Whei 
age  across  the  first  gap  is  sufficient  to  spark,  the  second  t 
charged  to  line  voltage  and  the  second  gap  receives  the  sti 
and  breaks  down.  The  successive  action  is  similar  to  ovei 
row  of  ten-pins  by  pushing  the  first  pin  against  the  second, 
jiomraun  explains  why  a  given  length  of  air  gap  concentrat 
gap  requires  more  voltage  to  spark,  across  it  than  the  same  tx 
made  up  of  a  row  of  multi-gaps. 
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mt  pum  across  only  four  of  the  ftp*,  and  then  goes  through  the  resisl- 
™  .™,  -ule  the  static  discharge  pun  straight  acron  the  entire  aeries  of  thirteen 
CHS   When  the  gaps  of  an  arrester  are  shunted  by  even  a  low  resistance,  discharges  of 

tery  hi)[li  frequency  find  it  relatively  difficult  to  pas  through  tr 

to  the  impedance  of  the  rods,  but  comparatively  es 


....  *  down  the  gaps-     The  higher  the  frequency,  the  mm 

.._  _ :.  hence  the  discharge!  select  different  paths  through  gaps  and 

a  depending  upon  the  frequency.  By  frequency  is  meant,  not  the  frequency 
rent  but  the  lightning  frequency,  which  may  run  into  hundreds  of  thou- 
mitlions  of  cycles.  The  equivalent  needle  gap  for  this  arrester  is  shown 
nearly  the  tame  for  all  frequencies  and  quantities  of  discharge;   that  is, 


r_A 


AMPERES  MAXIMUM 


CURRENT  IN  5HUNT  RESISTANCE 


STATIC  DI5CHARGE 

CURRENT  IN  SHUNTED  GAPS 
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How  the  Arc  Is  Extinguished. — When  the  sparks  extend  across  al 
the  gaps  the  line  current  will  follow  if,  at  that  instant,  the  line  pressud 
be  sufficient.  On  account  of  the  relatively  greater  line  current,  tH 
distribution  of  pressure  along  the  gaps  becomes  equal,  and  has  tH 
value  necessary  to  maintain  the  line  current  arc  on  a  gap. 

The  line  current  continues  to  Sow  until  the  voltage  of  the  generate 
passes  through  zero  to  the  next  half  cycle,  when  the  arc  extinguishiq 
quality  of  the  metal  cylinders  comes  into  action. 
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1  and  2.357. — Dinni-am  showing  ci 


The  alloy  contains  a  metal  of  low  boiling  point  which  prevents  tim 
reversal  of  the  line  current.  It  is  a  rectifying  effect,  and  before  us* 
pressure  again  reverses,  the  arc  vapor  in  the  gaps  has  cooled  to  a  soar 
conducting  state. 


Briefly  stated,  the  problem  is  to  properly  limit  the  line  current  10 

that  the  arc  may  be  extinguished;   to  arrange  a  shunt  circuit  so  thai 

the  series  resistance  will  be  automatically  cut  out  if  safety  ^*T"W^  % 

an  account  of  a  heavy  lightning  stroke  and,  wniJe  -mtexatng  these  prop) 

ertJeg,  to  auto  the  arrester  aensitiv»  to  a  wsl»  taas&  <±  tacpwiRB., 
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It  should  be  noted  that  series  resistance  limits  the  rate  of  discharge 
of  the  lightningr  as  well  as  of  the  line  current.  The  greater  the  value 
of  the  line  current,  the  greater  the  number  of  gaps  required  to  extin- 
guish the  arcs. 

Graded  Shunt  Resistances. — Any  arc  is  unstable  and  can  be 
extinguished  by  placing  a  properly  proportioned  resistance  in  parallel 
with  it.  All  the  minor  discharges  then  pass  over  the  resistances  and 
the  unshunted  spark  gaps,  the  resistance  assisting  in  opening  the  line 
current  after  the  discharge. 

Very  heavy  discharges  pass  over  all  the  spark  gaps,  as  a  path  with- 
out resistance,  but  those  spark  gaps  which  are  shunted  by  the  resist- 
ance, open  after  the  discharge. 

The  line  current,  after  the  first  discharge  is  accordingly  deflected 
over  the  resistances,  and  limited  thereby,  the  circuit  being  finally  opened 
by  the  unshunted  spark  gaps.  The  arrangement  of  shunted  resistances 
is  shown  in  fig.  2,358. 
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fc- 1358.— Arrangement  of  graded  resistances  on  multigap  arrester. 

The  Cumulative  or  "Breaking  Back"  Effect.— The  graded  shunt 
resistance  gives  a  valuable  effect,  where  the  arrester  is  considered  as 
four  separate  arresters.  This  is  the  "cumulative"  or  "breaking  back" 
action. 

When  a  lightning  strain  between  line  and  ground  takes  place,  the 
pressure  is  carried  down  the  high  resistance  H  (figs.  2,365  and  2,366), 
to  the  series  gaps  GS,  and  the  series  gaps  spark  over. 

Although  it  may  require  several  thousand  volts  to  spark  across  an 
air  gap,  it  requires  relatively  only  a  few  volts  to  maintain  the  arc  which 
follows  the  spark.  In  consequence,  when  the  gaps  GS  spark  over,  the 
lower  end  of  the  high  resistance  is  reduced  practically  to  ground  pressure. 

If  the  high  resistance  can  carry  the  discharge  current  without  giving 
an  ohmic  drop  sufficient  to  break  down  the  shunted  g|&r^QH^Trtk» 
in*  farther  occur?— -the  arc  goes  ouU 
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If.  on  the  contrary,  the  lightning  stroke  be  too  heavy  for 

Eisurc  strain  is  thrown  across  the  shunted  gaps,  GH,  equal 
to  the  previous  set.  In  other  words,  the  same  voltage  bra 
both  of  the  groups  of  gaps.  GS  and  GH,  in  succession.  The 
discharge  current  is  now  limited  only  by  the  medium  ri 
the  pressure  is  concentrated  across  the  gaps,  GM. 


The  low  resistance  should  take  care  of  most  cases  but  with 
dinarily  heavy  strokes  and  high  frequencies,  the  discharge  cz 
back  tar  enough  to  cut  oul    ' 
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5  and  2.366. — Graded  shunt  resistance  arrester  connections.  Fig.  2,365,  connec- 
tor 33.000  volt  Y  system  with  grounded  neutral;  fig.  2,366,  connections  for  33,000 
lelta  or  ungrounded  Y  systems.  The  type  of  arrester  shown  above  may  be  con- 
i  as  four  arresters  In  one.  First,  for  small  discharges  there  are  a  few  gaps  in  series 
i  high  shunt  resistance.  This  part  of  the  arrester  will  safely  discharge  accumulated 
ana  also  all  disruptive  discharges  of  small  ampere  capacity.  This  path  is  shown 
fh  H,  (resistance)  and  GS  (gaps).  Second,  there  are  a  number  of  gaps  in  series  with 
titan  shunt  resistance  which  will  discharge  disruptive  strokes  of  medium  ampere 
rty.  This  path  is  shown  through  M  (resistance)  and  GH  plus  GS  (gaps).  Third, 
are  a  greater  number  of  gaps  in  series  with  a  low  shunt  resistance  which  will  dis- 
t  heavy  disruptive  strokes.  This  path  is  shown  through  L  (resistance)  and  GM 
>H  phis  GS  (gaps).  Fourth,  the  total  number  of  gaps  has  no  series  resistance,  thus 
ioff  the  arrester  to  freely  discharge  the  heaviest  induced  strokes.  This  path  is 
i  through  sero  resistance  and  GH  plus  GM  plus  GH  plus  GS  (gaps).    In  «an2n  ol 

bo**/8'"*?**  **g  ^mPa:  ?fe*P***"ltoe  resistance  are  so  OTopottioneA  a*  *>  «aHBSDr> 
tb0Samstc*t  tbeeodotthe  JuUf  cycle  w  which  the  lightn^  c^»M»  taV^^sy^ 
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diately  from  the  gap,  GL.  This  "breaking  bad:"  effect  is  valu- 
ta discharging  lightning  of  low  frequency. 

ler  the  ■park  passes,  the  arcs  are  extinguished  in  the  reversed 
'.  The  low  resistance,  I.,  is  propoi  tioned  so  as  to  draw  the  arcs 
sdiately  from  the  gaps,  GL.  The  line  current  continues  in  the 
group  of  gaps,  GM,  until  the  end  of  the  half  cycle  of  the  generator 


•  to  Ijm). — Multi-gap  01 
La  vita;  J.  ■  number 


Mftliedjicharaebeheavyenough.it  will 
■ntkn  la  the  ahunt  resiatance  and  pis 
HlllljM,  through  the  arrie.  reliance 

It  f>  then  withdrawn  from  the  .hunted 
rfta  about  reaiitance.  and  aided  by  both 
MatnpEraeed  by  the lerira gap*.  The 
■•f  fUacaarle  ia  determined  By  the  num- 
(ha  gar*  aaaulncient  i *"--    " 

Mot  of  uafety  for  the  1 


determined  b- 

e  and  yet   give 


t  this  instant  the  medium  resistance,  M,  aids  the  rectifying  quality 
he  gaps,  GM,  by  shunting  out  the  low  frequency  current  of  the 

n  account  of  this  shunting  effect  the  current  dies  out  sooner  in  the 

i,  GM,  than  it  otherwise  would. 

i  the  same  manner,  but  to  a  less  degree,  the  high  resistance,  H,  draws 

line  current  from  the  KaPs.  GH. 

iris  current  now  being  limited  by  the  high  resistance,  the  arc  is,  eas\Vj 

tabbed  at  the  end  of  the  first  one-half  cycle  of  the  altcmotot  ma?H4. 
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Ques.  What  is  the  difference  between  arrest 
grounded  Y  and  non-grounded  neutral  systems? 

Ans.  The  connections  are  shown  in  figs.  2,365  anc 
The  difference  in  design  lies  in  the  use  of  a  fourth  aire 
between  the  multiplex  connection  and  ground  or  ungi 
system. 

Ques.    Why  is  the  fourth  leg  Introduced  ? 

Ans.     The    arrester  is  designed  to    have  two  legs  1 


FlG.  2,371. — We«tingr.ou»e  three  pole  or  (01 

protects  the  am fit 
tJons,  m  on  polo 


line  and  line.  If  one  line  become  accidentally  grounc 
full  line  voltage  would  be  thrown  across  one  leg  if  th( 
or  ground  leg  were  not  present. 

On  a  Y  system  with  a  grounded  neutral,  the  accidentally  , 
phase  causes  a  short  circuit  of  the  phase  and  the  arrester  is 
of  the  strain  by  the  tripping  of  the  circuit  breaker.  Brief! 
the  fourth  or  ground  leg  of  the  arrester  is  used  when,  for  an; 
the  system  could  be  operated,  even  for  a  short  time  with  o 
/grounded. 
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Describe  the  multiplex  connection. 

[t  consists  of  a  common  connection  between  the  phase 
tie  arrester  above  the  earth  connection  and  provides 
ex  better  adapted  to  relieve  high  pressure  surges  be- 
es than  would  otherwise  be  possible, 


d  ground  in  serin  with  *  composition  stick  reenter  hiving 
ince  of  aomething  between  80  »nd  120  ohms.  In  operation,  if  an  eicenivspna- 
developed  on  a  line,  electric  discharge  arci  form  between  the  metal  cylinder!, 
charge  uf  electricity  flows  to  ground,  relieving  the  eicesnve  itren.  The  rtaiit- 
tbe  nick  realtor  Bruit!  the  flow  so  that  an  excessive  power  current  cannot  paw 
the  aiTener.  The  tendency  [or  a  destructive  power  arc  to  follow  the  discharge 
ua  counteracted.  Tha  eompoal Hon  reatstori  and  the  gap  cylinder!  are  mounted 
on  a  porcelain  baee.  and  complete  unitii  are  arranged  within  weather  proof 
bom  aa  indicated,  for  two  pole  aire*  Cera,  one  tmit  is  mounted  on.  \.W>a*rXcA 
irrmiearra.tera.twouniUarauaoii-.rjwUwajMwi.wa. 
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Ques.  What  Is 
the  objection  to 
the  horn  gap  on 
alternating  cur- 
rent circuits? 

Ans.  The  arc  lasts 
too  long  for  syn- 
chronous apparatus 
to  remain  in  step. 

Ques.     What 
provision    was 
made  to  shorten 
the  duration   of  , 
the  arc  ? 

Ans.  A  series  re- 
sistance was  insert- 
ed in  the  arrester 
circuit  as  shown  in 
fig.  2,377. 

Ques.  What 
difficulty  was 
caused  by  the 
series  resistance? 

Ans.  With  suffi- 
cient series  resist- 
ance to  prevent 
loss  of  synchro- 
nism, the  arrester 
failed  to  protect 
the  sysWm  Mitftet 
severe  cooiaSksca- 
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Ques.  With  these  objections  what  use  was  found  f« 
the  horn  gap  arrester? 

Ans.  It  is  used  as  an  emergency  arrester  on  some  overhead 
lines,  to  operate  only  when  a  shut  down  is  unavoidable,  also 
for  scries  lighting  circuits, 


....  .nuch  hight.  .... 
bead  sysln:;.     In  i  ■  i  -.r-  I)  flow  IMa  the  UMter  during  chlnJB 

are  somewhat  lii^In-r.  [I.  is  tii-nuK.;  In  av-jid  these  heavier  eurnmta.  especially  dorii 
the  time  of  breaking  trie  arc  at  the  barn  gap.  This  is  accomplished  by  using  a  (pad 
bom  gup  and  resistance.  This  consists  of  an  auiiliary  bum  mounted  above  and  bs> 
l«tg  train  the  regular  hom  in  such  a  msrimru  to  intercept  the  are  if  it  rise  on  then* 
lar  horns.  Enough  ri.-sisr;irHn:  is  lour,.  ■■:■-]  in  scries  with  this  ausilgary  hum  so  that  Oi 
current  flow  and  arc  across  this  nap  are  always  limited  to  a  moderate  value  fU 
device  has  several  advantage.  Shu  tba  maeuMMn  is  go  arringcd  that  the 
is  alwaya  done  through  the  adlDbuy  hom  the  current  rush  is  linjted  during  the 
orclessnesa  or  ignorance  are  avoided.  It  also  gives 
:unent.  la  the  use  of  this  auxiliary  hom  gap 
e  atages,  ai  follnws:     I.   light   .litharges  will  pa: 

...  l ,,  ,„rough  ttw  ^,1^  Mijunce  to  the  Edit]    ft  9 

:f  offers  sufficient  impedance  to  cause;  the  spark  tt 

jmplished  with  only  a  slight  increase  in  pressi 

■  ■■■'■.-   i.:.;.'il.      Il    .'.•    ....■!!.    I-  ■,.■■-!!:.'   ,"ii.!itwn.  the  upork  al 
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The  necessity  of  service  requires  that  series  lightning  systems 
fully  equipped  against  damage  by  lightning  and  similar  trouble.  ' 
most  common  disturbances  occurring  on  series  circuits  are  the  m 
set  up  by  the  sudden  opening  of  the  loaded  circuit  These  disturbs: 
are  especially  severe  where  circuits  are  accidentally  grounded,  du, 
contact  of  the  wires  where  they  pass  through  other  circuits. 

Ques.    How  are  the  spark  gaps  adjusted? 

Aus.     They  are  set  to  give  a  low  spark  pressure  relative 
the  voltage  of  the  line. 


5  light  Hriautc 
porcelain  hue*  hi 


■bility  of  damage  fr.._  ... 

„3.    The  ipaik_Bapa  «w  adjusted  to  give  ■ 

s  voltage  of  the  circuit.     The  number  and  obmie  ral 
"- -- - — '•it*  depend  upon  the  voltage  and  con 


Ques.    Why  are  horn  arresters  well  suited  to  pro- 
series  lighting  circuits  against  surges? 

Ans.    Because   the   surges   are  4a.m"pc&  cms.  \*&a»  *&«. 
tr/iich  forms  across  the  horn  gaps  is  Vn\.ert\ssta&. 
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These  arcs  last  far  several  cycles,  since  the  length  of  the  time  of  ac- 
tion of  the  arrester  depends  upon  the  lengthening  of  the  arc  between 
the  horn  gaps,  limited  by  the  series  resistance. 

Since  practically  all  disturbances  on  lighting  circuits  are  of  low  fre- 
quency, the  series  resistance  can  be  used  with  good  results:  it  aids  the 
hero  in  extinguishing  the  arc,  limits  the  size  of  the  arc  and  prevents 
short  circuits  occurring  during  the  period  of  discharge. 


■  !.».— General  Electric 
circuits  Are  ran  andeTa-roond  . 
It  onto  to  protect  the  alia 

Hit  litter  woo3"hive  to  be  made 
basks.    In  in  — 
tolbetop  of 


design  it  used  to  economize  ■pace,  since  if  the  horn  ?ap*  be  placed  it 
.    HOaEd  hive  to  be  made  very  large  to  accommodate  the  asbestos  barriers  ana 
Id  installing  this  type  of  arrester  it  is  advisable  to  place  it  as  near  as  possible 


tact  with  the  horns  which,  d 

Electrolytic  Arresters. — Arresters  of  this  class  are  some- 
les  called  aluminum  arresters  because  of  the  property  of  alu- 
num  on  which  their  action  depends;  that  is,  it  depends  on  the 
vomenon  that  a  non-conducting  film  is  formed  on  the  surface 
itWuMaw  iwfcw  ttmtiersed  m  certain  electrolytes. 
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If  however,  the  film  be  exposed  to  a  higher  pressure, 
punctured  by  many  minute  holes,  thus  so  reducing 
ance  that  a  large  current   may  pass.      When  the   p 
again  reduced  the  holes  become  resealed  and  the  i 
effective. 

'HORNS, 


DISCONNECTING  P 


OPERATIN 


NORMAL 
CHARGII 

Pigs.  2,383  and  2.384. — Elevation  and  plan  of  General  Electric  horn  gaps  i 
stand  for  high  voltage  arresters. 

In  construction,  the  aluminum  arrester  consists  c 
of  a  system  of  nested  aluminum  cup  shaped  trays,  \ 
on  porcelain  and  secured  in  frames  of  heated  wood,  ar 
a  steel  tank. 

The  system  of  trays  is  connected  between  the  line  an 
and  between  line  and  line,  a  horn  gap  being  inserted  : 
rester  circuit  which  prevents  the  arrester  being  subject 
fine  voltage  except  when  in.  action. 
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rolyte  is  poured  into  the  cones  and  partly  fills  the 
en  the  adjacent  ones.  The  stack  of  cones  with  the 
between  them  is  then  immersed  in  a  tank  of  oil. 
lyte  between  adjacent  cones  forms  an  insulation, 
proves  this  insulation  and  prevents  the  evaporation 


e  section  of  General  Elect! 


lectrolytic)  lightning  u 


zr  of  insulating  material  concentric  with  the  cone 
xd  between  the  latter  and  the  steel  tank,  the  object 
iprove  the  circulation  of  the  oil  and  increase  the 
etween  the  tank  and  the  cone  stack.  The  arrester, 
ribed  consists  of  a  number  of  cells  connected  in  series. 
W  what  does  a  single  cell  consist  and  what  are 
eristics? 
consists  of  two  of  the  cone  shaped  alurmovjia  \.tvr& 
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or  plates  and  an  electrolyte,  which  forms  a  condenser  that  w 
stand  about  350  volts  before  breaking  down.  When  this  volta 
is  exceeded  the  cell  becomes  a  fairly  good  conductor  of  electricit 
but  as  soon  as  the  voltage  drops  its  resistance  again  resumes 
very  high  value. 

Ques.    What  Is  the  critical  voltage? 

Ans.     The  voltage  at  which  the  current  begins  to  flow  free 


which  the  steam  is  confined  until  the  pressure  rises  above  a  _ 
when  it  is  released.  On  the  aluminum  plates  there  are  myriadl 
minute  sa'cty  valves,  so  that,  if  the  electric  pressure  rise  above 
critical  voltage,  the  discharge  takes  place  equally  over  the  entire  I 
face.  It  is  important  to  distinguish  between  the  valve  action  of 
hydroxide  film  and  the  failure  of  any  di-electric  substance. 

Ques.    When  a  cell  is  connected  permanently  to  1 
circuit  what  two  conditions  are  involved? 
Ans.    The  temporary   critical  voltage  and    the   permani 
crittca/ voltage. 
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For  instance,  if  the  cell  have  300  volts  applied  to  it  constantly,  and 
the  pressure  be  suddenly  increased  to,  say  325  volts,  there  will  be  a 
considerable  rush  of  current  until  the  film  thickness  has  been  increased 
to  withstand  the  extra  25  volts;  this  usually  requires  several  seconds 
In  this  case  325  volts  is  the  temporary  critical  voltage  of  the  cell. 

Similar  action  will  occur  at  any  pressure  up  to  about  the  perman- 
ent critical  voltage,  or  the  milage  at  which  the  film  cannot  further  thicken, 
and  therefore  allow  a  free  flow  of  current. 

If  the  voltage  be  again  reduced  to  300  the  excess  thickness  of  film 
will  be  gradually  dissolved,  and  if  it  vary  periodically  between  two 
values,  each  of  which  is  less  than  the  permanent  critical  value,  the 


400, ■ ■ — - ,  ■    ,      ,■  ■■ ■■■■-■ ■ ,     - 

S20 ,-=~^^*==U  =  «=-=  = -_ 

Z40  —  4- 

*"'!  'I^i^TmiIIIII 

■*rersv« 


■9%      AMPERES 
riidc  came  ol  a  Central  Electric  aluminum  (electrolytic) 

tejEroMiicr.t  critv.il  v!;-ii:..-  v-i.  .■:■.-.,.  u  j.y.  .,.,1  ::,;n  v,.;-.. 

Ihe  leakage  through  ihe  61m.  but  also  a  capacity  current  ikmiug  into  the  cell.     The 
;ih»se  o(  ih«  carrmi,  then,  is  nearly  30  BBjma  ahead  of  the  pressure  and  reiursentsa 

temporary  critical  voltage  *tll  be  the  higher  value.  This  feature  is  of 
great  importance  as  it  provides  a  means  of  discharging  abnormal  surges, 
the  instant  the  pressure  rises  above  the  impressed  value. 

Ques.    How  is  the  number  of  cell  required  for  a  given 
rcuit  determined? 

Ans.     The   number  required   for  a  given  operating  voltage 

determined  by  allowing  about  250  to  300  volts  per  cell. 

Ques.     In   putting   cells    in    commission    how  is  the 
lectroly te  Introduced  ? 

Ads.     It  is  poured  into  the  aluminum  trays  and  IAwj  ovetftuW 
mjko  off  at  the  bottom  of  the  tank. 
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Ques.  Describe  the  further  operations  In  putting  cells 
In  commission. 

Ans.  After  putting  in  the  electrolyte  it  is  allowed  to  static? 
for  a  few  days  until  part  has  evaporated,  then  the  oil  is  poured  A 
over  the  surface  to  prevent  further  evaporation. 


-  -  - disturbance*.    Tbcy  have 

:in_-uii5  of  voluam  at  S.J00  to  1 1(1.000.  Tier 
.  t.u..  13.5(H).  For  vollara  below  thii  the  horn  e»p 
encash  together,  out  of  doors,  to  ttke  mdvanuge  a 
lectrolytic  clanait.  If  the  horn  B>pe  bs  let  too  clave 
ted  by  tain.    A  shelter  •hould  bo  built  for  uncten  0 


Ques.    What  action  takes  place  when  the  trays  stand  in 
the  electrolyte  and  cell  Is  disconnected  from  the  circuit? 

Ans.     Part  of  the  film  deteriorates. 
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J     Ques.    What  is  the  nature  of  the  film? 

Am.  The  film  is  composed  of  two  parts,  one  of  which  is 
-  iaid  and  insoluble,  and  apparently  acts  as  a  skeleton  to  hold 
":  &  more  soluble  part.    The  action  of  the  cell  seems  to  indicate 

thai  the  soluble  part  of  the  film  is  composed  of  gases  in  a  liquid 

fan. 

Que*.  What  action  takes  place  when  a  cell  which  has 
Mm)  lor  some  tune  disconnected,  Is  reconnected  to  the 


h*.  tM  and  W- Alumni 


Ans.  There  is  a  momentary  rush  of  current  which  reforms 
the  part  of  the  film  which  has  dissolved. 

This  current  rush  will  have  increasing  values  as  the  intervals  of  rest 
(i  the  cell  are  made  greater. 

Many  electrolytes  have  been  studied,  but  none  has  been  found  which 
does  not  show  this  dissolution  effect  to  a  greater  or  lesser  extent. 

If  the  cell  has  stood  disconnected  from  the  circuit  for  some  time, 
especially  in  a  warm  climate,  there  is  a  possibility  that  the  initial  current 
rash  will  be  sufficient  to  open  the  circuit  breakers  or  oil  switches. 
This  current  rush  also  raises  the  temperature  of  the  cell,  anil  if  the 
temperature  rise  be  great,  it  is  objectionable. 

When  the  (.■ells  do  not  stand  for  more  than  a  day,  however,  the  Sim. 
SmoMtm  aad  ioHM  current  rush  am  Pegfigibh 
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Ques.  What  is  the  object  of  using  horn  gaps  on  ele 
trolytlc  arresters? 

Ans.  The  use  is  threefold:  1,  it  prevents  the  arrester  beii 
subjected  continually  to  the  line  voltage:  2,  acts  as  a  disco 
necting  switch  to  disconnect  the  arrester  from  the  line  f 
repairs,  etc.,  and  3,  acts  as  a  connecting  switch  for  charging. 


-h  iv-'iich  may  bo  turned  l»i 

i'm   ,in.  ,'.it'i  in    1 1     :.'/.lJ1W  ■■     ■■  '  : i   ■■  i     i  ■■    '    'ml.  Ilinv  in-  n1.. i  rh-p 

frame  work,  Mid  is  oivrvitrii  ljv  ;i  I: -in- 1  ".'■:<■,  i:    f  .-  :,r  r.  ■■:■■■  rt  of  higher  voltage.  Ihr  lr» 
fcrdtvicti-siri'junttd  <!■:.':  llyovci  Hi-  :. mk.,  .u:il  is  u[x  f .iti-d  bylml  gears  and  hind  »hi 

Charging   of  Electrolytic  \tw*t«i».~\w,   dsattotytic  a 
refers  atf  eiectroly  tes  dissolve  ttus  film  ■«**»  ''&*-  wsttsfcia'-a 
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H  open  circuit,  the  extent  of  the  dissolution  depending  upon  the 
length  of  time  the  film  is  in  the  electrolyte,  and  upon  its  tern- 
s' perature.    It  is  therefore  necessary  to  charge  the  cells  from  time 
:-•  to  time  and  thus  prevent  the  dissolution  and  consequent  rush 
3  of  current  which   would  otherwise    occur  when    the  arrester 
discharges. 

Ques.    Describe  the  charging  operation    for  arresters 
with  grounded  circuits. 

Ans.    It  consists  in  simply  closing  simultaneously   the  three 
horn  gaps  so  that  the  full  pressure  across   the  cells  causes  a 

ELftTRODt 
COPPER  TUBE    /   ARCING  SLEEVE        COMPOUND 


PORCELAIN 


SPECIAL 

BUSHING 


i        GAP 
tNAPHRA&H  PUNCHING 

fc.  2JB6. — Sectional  view  of  General  Electric  vacuum  tube  arrester  for  railway  signal  cir- 
cuit*. The  Arrester  tt  essentially  a  gap  in  a  vacuum.  In  construction,  the  gap  is  formed 
between  the  inner  wall  of  a  drawn  metal  shell  and  a  disc  electrode  mounted  concentric 
with  it.  The  electrode  is  supported  on  a  brass  rod  which  serves  as  the  lead  in  connec- 
tion, and  has)  ample  current  carrying  capacity.  The  electrode  system  is  insulated  from 
the  tube  and  rigidly  supported  in  position  by  a  bushing  made  of  vitreous  material.  The 
*— htf»g  does  hot  form  the  vacuum  seal,  that  being  made  by  a  special  compound.  The 
open  end  of  the  tube  is  finally  closed  by  a  porcelain  bushing.  The  tube  is  exhausted  in 
a  special  machine  which  solders  a  small  hole  in  the  end  after  the  vacuum  has  been  estab- 
lished. The  possibility  of  solder  entering  the  active  part  of  the  vacuum  space  is  pre- 
vented by  a  qiaphragm  punching,  and  both  the  electrode  and  the  lining  of  the  tube  are 
of  non-arcing  metal.  The  arrester  has  a  spark  pressure  of  from  350  to  600  volts 
direct  current*  and  an  equivalent  needle  gap  of  about  .005  inch.  The  arrester  will  not 
stand  a  continuous  flow  of  current  due  to  excessive  heating,  hence  if  there  be  a  pos- 
sibility of  this  due  to  high  pressure  crosses,  fuses  should  be  used.  R.  R.  S.  A.  standard 
terminals  are  used. 


■Hall  charging  current  to  flow  and  form  the  films  to  their  normal 
condition. 

Ques.    Describe  the  charging  operation   for  arresters 
for  non-grounded  circuits. 

Ana.    First,  the  horn  gaps  are  closed  for  five   seconds  and 
vpeoedj&wa  to  normal  position,  thus  charging  the  ceG&  oi  ^M* 
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three  line  stacks.  Second,  with  the  horn  gaps  still  in  u 
position,  the  position  of  the  transfer  device  is  reversed  an 
horn  gaps  are  again  closed  for  five  seconds  and  returned  1 
normal  position. 

The  complete  charging  operation  takes  but  a  fen  moment 
should  bo  performed  daily.  The  operation  is  valuable,  not  o 
keeping  the  films  in  good  condition,  but  also  in  giving  the  op 
some  idea  of  the  condition  of  the  arrester  by  enabling  Vim  to  o 
the  size  and  color  of  the  charging  spark. 


gapi  in  foreground. 

Grounded    and    Non-grounded    Neutral    Circuit 

is  important  to  avoid  the  mistake  of  choosing  an  arrester 
thoroughly  grounded  neutral  when  the  neutral  is  only  pai 
grounded,  that  is,  grounded  through  an  appreciable  resis 
Careful  consideration  of  this  condition  will    make  the  ■ 

statement  clear. 
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.  la  an  arrester  for  a  grounded  neutral  circuit,  each  stack  of 
;  coses  normally  receives  the  neutral  pressure  when  the  arrester 
,  discharges,  but  if  a  phase  become  accidently  grounded,  the  line 

voltage  is  thrown  across  each  of  the  other  stacks  of  cones  until 
j  the  circuit  breaker  opens  the  circuit.  The  line  voltage  is  173  per 
*  ant.  of  the  neutral  or  normal  operating  voltage  of  the  cells  and 
1  therefore  about  150  per  cent,  of  the  permanent  critical  voltage 

of  each  cell.     This  means  that  when  a  grounded  phase  occurs, 


, ,. —  .ctcurrentup  to  1,600 

ran  mmm  01  ■  tank  at  oil  in  which  are  placed,  on  properly  insulated  supports.  a  nest  of 
npihinedfthniininmtiHT*-  Tbeipaceabetween  the  trays  are  filled  with  electrolyte.  aniflU 
drat  quantity  for  one  charge  being  furnished  with  each  arrester.  The  tap  tray  is  connected 
■rtth  the  hne  through  a  ftO  ampere  fuse,  and  the  bottom  tray  is  connected  to  the  tank  which 
is  thoroughly  grounded  by  meant  oi  a  lug.  The  fuse  is  of  the  enclosed  type  and  mounted 
m  the  mrei  of  the  arrester.  A  small  charting  current  flows  through  the  trays  continuously 
sod  keen  the  Sbiu  on  the  trayi  built  up,  so  that  no  charging  is  required.  This  charging 
cam™tuiiiot.hcpsseTeT,i^auf6cieiitvaluetoraisethetemperatu™  appreciably.  The  ira- 
msned  area  of  each  tray  ia  ICO  aquare  inches.  The  thane  and  the  arrangement  of  the 
Bays  is  sorti  that  any  gases  generated  by  the  discharge,  can  pan  out  readily  without 
tatarbiag  the  electrolyte,  between  the  trays. 

thbj  SO  per  cent,  excess  pressure  is  short  circuited  through  the 
ecus  until  the  circuit  breaker  opens. 

The  amount  of  energy  to  be  dissipated  in  the  arrester  depends 
upon   the    'kilowatt   capacity    of    the    generator,   the   uActublV 
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resistance  of  the  cells,  and  the  time  required  to  operate  the  circuit 
breakers.  It  is  evident  that  the  greater  the  amount  of  resistance 
in  the  neutral,  the  longer  will  be  the  time  required  for  the  circuit 
breakers  to  operate.  Therefore,  in  cases  where  the  earthing 
resistance  in  the  neutral  is  great  enough  to  prevent  the  auto- 
matic circuit  breakers  opening  practically  instantaneously,  ai 
arrester  for  a  non-grounded  neutral  system  should  be  installed. 


L'1>,ll:!i:i^  Ll  '..  !.*k.'  I  ..rr-  '.i  ;*!!  ,[■  :./:. !:,;.■.  :  !i  ri  Mu;h  I  he  .irresEi'r.  The  plate  bhould  pnsfer- 
■  il.ly  ';*■  l;\:-:.-!  .l!  ll,.j  !...,:.  , ,[  f]n.  ;,.  .|.  .., ,  |]ml  ifn;  V  r '■■:-.  ■[  V.  irt'  r'jiis  I..  lE  in  ;:  ■•! :  .;,^r  J'".-. 
from  the  i,rr,^t,-r.  (an  sh"uld.  '.I  ...u.s..'.  W  t;iken  to  uc  that  the  eurth  in  whkh  tht 
l.l.ilc  is  ''urinl  is  damp.      " 

Srr,und  plate  i'.    .lioaki  l.c 

of  securing  a  Rr«-«]  uii.iiinl  1;;  l.y  ni.,ms  r,i  :,n  in  in  pipe 
a  dipped  galvanized  finish,  and  a  bntsi  op  wiLh  a 
The  pipe  may  be  driven  into  tti 
L"   ~    te  placed  tht 


■p  with  a  Ian  for  vilderintf  the  grouOd  wire, 
fit  be  too  hand  to  permit  driving.  i»l«  OMf 


the' ground  wire.    SuM  ftff d*2n*-d  to  mala  W  n("a  tanaer  pjp^whkS'wiiuld  ti 

Ground   Connections. — In   all  lightning    arrester  installa- 
ttons  it  is  of  the  utmost  importance  to  -msiYe.  ^ooer    ground 
connections,  as  many  lightning  arrester  \tcpa\j\k&  am.  VsA^zwtlJ 
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~ ■--  to  bad  grounds.  It  has  been  customary  to  ground  a  lightning 
"^arrester  by  means  of  a  large  metal  plate  buried  in  a  bed  of 
^  (iaraal  at  a  depth  of  six  or  eight  feet  in  the  earth. 
_"—  A  more  satisfactory  method  of  making  a  ground  is  to  drive 
"-■  <nomber  of  one  inch  iron  pipes  six  or  eight  feet  into  the  earth 
-  Grounding  the  station,  connecting  all  these  pipes  together  by 

means  of  a  copper  wire  or,  preferably,  by  a  thin  copper  strip. 

A  quantity  of  salt  should  be  placed  around  each  pipe  at  the  surface 


;    <<  the  ground  and  the  ground  should,  be   thoroughly  moistened 

:    with  water.     It  is  advisable  to  connect  these  pipes  to  the  iron 

'-    framework  of  the  station,  and  also  to  any  water  mains,  metal 

flumes,  or  trolley  rails  which  are  available. 

Tbe  following  suggestions  are  made  for  the  usual  size  station. 

1.  Place  three  pipes  equally  spaced  near  each  outside  wall,  making 
"    ~  d  puce  three  extra  pipes  spaced  abwrt,  otl.  teiA 


twelve  altogether, 

tpart  at  a  point  oearetf  tbo  arntter. 


HAWKINS  ELECTRICITY 


2.  Where  plates  are  placed  in  streams  of  running  water,  they  shouat 
be  buried  in  the  mud  along  the  bank  in  preference  to  being  laid  is  thai 
stream.    Streams  with  rocky  bottoms  are  to  be  avoided. 

3.  Whenever  plates  are  placed  at  any  distance  from  the  arrester 
it  is  necessary  also  to  drive  a  pipe  into  the  earth  directly  beneath  th* 
arrester,  thus  making  the  ground  connection  as  short  as  possbles 
Earth  plates  at  a  distance  cannot  be  depended  upon.  Long  grain*! 
wires  in  a  station  cannot  be  depended  upon  unless  a  lead  is  carried  t* 
the  parallel  grounding  pipes  installed  as  described  above, 

4.  As  it  is  advisable  occasionally  to  examine  the  underground  cr*v 
ncctions  to  see  that  they  are  in  proper  condition,  it  is  well  to  beep  cc 
file  exact  plans  of  the  location  of  ground  plates,  ground  wires  and  pipes 
with  a  brief  description,  so  that  the  data  can  be  readily  referred  to. 


Pig.  S.*OS.— General  Electric  insane  He  blowout  arraatm-  for  Ihisuac.  It  cnu^Ma  eaasatuull 
of  a  mull  spark  tap  which  it  in  Mo  with  a  raiitame,  and  Mum  IkMn  of  n  aaafa* 
Tbeopermtloiiiiiiimilartothatof  thearrntcrahownin  ne^.3.403to9.*ua,bmtawa*aei>. 
is  a  permanent  magnet  instead  of  an  electromagnet.  The  epaxk  gap  —J  thej  iimiihiiI  u 
mounted  within  porcelain  block*  in  such  a  way  that  the  diachun  an  ia  blown  by  the  mat 
net  through  an  an:  chute  and  a  cooling  grid  which  it  alao  held  by  tba  porcelain.    Tfc 

cooling  arid  in  the  arc  chute  r. " ■  '  "    -     -    • 

are.  giving  the  arrester  a  high  ar 
connected  eitenially  to  the  OV 


5.  From  time  t 


should  be  measured  to  determine  their  condition.  The  resistance  a 
a  single  pipe  ground  in  good  condition  has  an  average  value  of  abou 
15  ohms.  A  simple  and  satisfactory  method  of  keeping  account  of  tb 
condition  of  the  earth  connections  is  to  divide  the  grounding  pips 
into  two  groups  and  connect  each  group  to  the  110  volt  lighting  arcui 
with  an  ammeter  in  series. 


Choke  Coils. — A  lightning  discharge  is  of   an   oscillator] 

character  and  possesses  the  property  of  self-induction,  accord 

ingly  it  passes  with  difficulty  through  coils  of  wire.    Moreover 

the  frequency  of  oscillation  of  a  lightning  discharge  being  mud 

greater  than  that  of  commercial  alteraatjiv^  rautesits,  a  cofl  can 
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ieadily  be  constructed  which  will  offer  a  relatively  high  re- 
■stance  to  the  passage  of  lightning  and  at  the  same  time  allow 
fce  passage  to  all  ordinary  electric  currents. 

Opinions  on  the  design  of  choke  coils  for  use  with  lightning  arresters 
vary  considerably.  Some  engineers  recommend  the  use  of  very  huge 
choke  coils,  but  while  large  choke  coils  of  high  inductance  do  choke 
back  the  high  frequency  currents  better  than  smaller  coils  of  less  in- 
ductance, they  cost  more,  and  under  many  conditions  they  are  a  menace 
to  the  insulation  unless  the  lightning  arresters  be  installed  on  both 


k  1,400.— Wotmghnue  lit 

■Med  directly  --  "" 

therein  by  the  Hum  at  uh  jinc  ur  ata 
us  rareired,  bWj  to  eupport  thia  chi 
mtical  or  a  boriiDntil  position  it  con  > 
nation  layout*.  Terminal*,  each  hiirin 
toadnctora  mm  prcrided  at  each  end  of 
awanppiied  which  clainp  the  coodoc  ton  ii 

.vr.  «,a™nff        W!      mill  ^ 


inch  iniind  hale,  t< ,..-- 

.     Three  aquir*  headed  binding  iqrewe 
.  ThecoiP : 7-s  -*"-  -  --•- ' — 


a,  the  choke  coil —  —  ._ 

,  ...  idtj  o(  100  ampma  and  it  nitable  for  a  voltage  of  3,000 

■jaba  voitajjea  than  M.OOO,  aeveial  choke  coila  are  connected  in  senea. 
far  each  11,000  Tolte  or  traction  thereof,  of  the  preasure  between  the 
cuit.    Apfjacatkiii  Thj  type  at  choke  coil  mar  De  Wed  ' 
C  tfc»  —to  amgg  fium  ifOOO  to  110,600  voita    It 


i  ol  the  choke 

^'^,Soo?TfSr 
One  coil  ii  rued 


d  for  alternating  c\ 
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Part  of  the  functions  of  the  choke  coil  are  performed  by  the  e 
turns  of  a  transformer  and  extra  Iflsnlatton  is  invariably  «"«+»W>H  m  i 
power  transformers  built  in  recent  years.        .■jfl-1-'- 

The  choice  of  choke  coils  must  be  influenced  try  the  condition 
insulation  in  the  transformers  as  well  as  by  the  cost,  pressure  regulation 
and  nature  of  the  lightning  protection  required. 

Ques.    What  are  the  primary  objects  of  a  choke  con? 

Ans.    To  hold  back  the  lighting  disturbance  from  the  circai 
apparatus  during  discharge,  and  to  lower  the    frequency    a 


iluec  choke  toil,  6,000  volu;  flg.  MOB.  low  volUge  cboto  o* 


the  oscillation  so  that  whatever  charge  gets  through  the  choice 
coil  will  be  of  a  frequency  too  low  to  cause  serious  pressure 
drop  around  the  first  turns  of  the  end  coil  in  either  alternator  or 

transformer. 


Ques.     What  Is  the  principal    electrical  condition  to 
be  avoided  with  a  choke  cottt 
Ans.     Resonance.     The  coil  snewii  \»  so  «!»»*»&.  ■fcaft.'* 
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mtinual  surges  be  set  up  in  the  circuit,  a  resonant  voltage  due 
to  the  presence  of  the  choke  coil  cannot  build  up  at  the  trans- 
former or  generator  terminals.  This  factor  is  a  menace  to  the 
insulation.  Another  way  of  stating  the  condition  is  as  follows: 
So  arrange  the  choke  coil  as  not  to  prevent  surges,  originating 
ia  a  transformer,  passing  to  the  arrester. 

Ques.  What  is  another  electrical  condition  to  be 
woided  and  why? 

las.     Internal    static    capacity    between    adjacent     turns 


.  *  UIO.— Wwtinghoiae  choke  toil  for  hiRh  pressure  transmission  circuits.  2,200  to  2S.0O0 
'  win.  Choke  coil*  of  this  type  are  Hound  without  iron  cores  on  circular  or  elliptical 
<™t*r  blocks.  They  have  a  large  number  of  layers  and  few  turns  per  layer  lelctpt 
■ioie  made  for  small  currents,  they  usually  have  one  turn  per  layeri.  wnich  give  the  best 
pjodiboti  for  insula  Ling  and  cooling.  They  are  air  cooled,  heavily  initiated  and  have  a 
Sat  lead  at  the  top.  as  shown.     Choke  r-i'ils  arc  di.r.i^md  to  prevent  the  short  circuits 

,  kmetixws  caused  by  the  local  concentration  of  pressure  such  as  may  be  produced  by 
*  Ligfitninff    discharge.     They  omit,  to  imnu-    extent,  an  abnormal  rise  of  pressure  on  the 

in  the  form  of  a  sunte  or  "tidal  «vt."  if  this  »;i-,r  (mlss  a  c-hoke  coil,  it  is  flattened 
°nt.  and  if  the  coil  be  of  sufficient  power,  becomes  practically  harmless.  It  is  evident, 
imever.  that  the  rhnln.  mil  »»<im  rh«  f,,)1  (n™  of  the  wave,  and  that,  KOtlSeQUCMly. 
il  must  not  ovtjtbcaA.  wiaw  ^MA. 


1,712  HAWKINS  ELECTRICITY 

of  the  choke  coil,  because  this  lowers  the  effectiveness  of  1 
Ques.    What  is  the  object  of  making  choke  c 
the  form  of  an  hour  glass? 

Ans.    To  prevent  sagging  between  the  supports. 


Fig.  2.411.— Westingbouse  air  coo 

Jed  choke  coil  particularly  auitable  for  outdoor 

method  of  mounting  is  sue 

h  that  insulation  far  any  deaired  voltage  ia  rcadil 

n.  and  mounting  in  any  position  ia  possible.    Tl 

SsSSSSeS 

■a  mechanical  strength  to  the  helix,  and  the  rod 
K)  amperes.  The  coil  is  supported  on  two  insu 
mlators.  which,  except  for  the  end  pieces,  are  in 

able.    The  number  of  insulate 

rs  used  in  the  columns  depends  on  the  voltage 
Med.  The  apparatus  can  be  mounted  in  any  po 
;  wall,  or  ceiling.  It  la  Intended  principally  j 
re  greater  reactance  than  is  afforded  by  a  sin 

venient  (or  the  wiring,  on  floor 
toli™  of  trmufwrnm.      Wht 
deaired  on  the  higher  voltage 

rircuits.  it  is  recommended  that  two  or  more  cc 

{  used  for  each  22,000  line  voltage.  Thia  coil  i 
insulating  columns  are  supported  on  substantia 

blocki  on  wooden  bases. 

Ques.    How  are  choke  colls  cooled? 

Ans.    By  air,  or  by  oil. 

Ques.    For  what  service  are  oil.  cooled  choke  colli 

Ans.  On  circuits  of  pressures  above  25,000  volts, 
coils  immersed  in  oil,  as  are  transformer  coils,  have  adv 
ia  that  the  coil  is  amply  insulated  not  ori-j  iram.  ■&» 


LIGHTNING  PROTECTION  DEVICES 


at  against  side  flash,  and  that  copper  of  comparatively  small 
fcuon  may  be  used  without  undue  heating. 


»«.»«i— W™tir*h<wae  air  cootodchak*  call,  forvoltacaof  froml.200  to  HO.OOa  In 
MMicte,  the  ccili  are  nude  of  aluminum  rod  wound  into  a  helir  of  about  15  inchee 
■  fanmr  and  having  20  turn.    The  helix  ii  ■unported  on  two  iiuuLat  " 


it  ie  omiur  to  have  the  aluminum  rod  of  mmcient  sire  to 

I       TJ&1T.  conatEUeut  ly  every  coilhae  ajapacity  o[  300  amperea  and  my  be  uied 


innlated  accordion  to  the  itandard  practice 
nog  mounted  on  wooden  ptni  supported  by 
rated  in  any  poeition.    The  wiring  of  a  eta- 

.. __..  .. _. e  protection  mij  be  placedeoai  to  rimply 

part  of  the  wiring.    The  coili  are  lymmctrical  eo  that  it  ii  immaterial  which  end 


"Static"  Interrupters. — A  static  interrupter  is  a  combination 
dackoke  coil  and  a  condenser,  the  two  being  mounted  together 
•od  placed  in  a  tank  and  oil  insulated. 

It  is  used  on  high  pressure  circuits  and  its  function  is  to  so  delay  the 
erroneously  called  "static"  nave  in  its  entry  into  the  transformer  con, 
that .  awstsnMrportiga  cf  the  latter  will  become  charged.  \xia»  Mot. 

liaTaTalf  ■aB  *— r  ITMI  ftilif  fTKr  IHTHllm. 
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A  choke  coil  alone  sufficiently  powerful  to   accomplish  thi 
would  be  too  large  and  costly  on  very  high  pressure  and  would 
interfere  with  the  operation  of  the  system. 

Ques.    How  is  the  condenser  and  choke  coil  connected? 

Ans.    The  condenser  is  connected  between  the  line  and  groum 
behind  the  choke  coil  near  the  apparatus  to  be  protected 
shown  in  fig.  2,413. 

TRANSFORMER  ^-x-x-x-x-x- 

OODOO 


o 
o 
o 


Fig.  2.413. — Diagram  showing  connections  of  static  interrupter  for  protecting  a 


Ques.    What  is  the  effect  of  the  condenser? 

Ans.  The  condenser,  which  has  a  very  small  electro-stati 
capacity,  has  no  appreciable  effect  upon  the  normal  operation 
but  a  very  powerful  effect  upon  the  static  wave  on  account 
its  extremely  high  frequency. 
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CHAPTER  LX 

REGULATING  DEVICES 


Regulation  of  Alternators. — Practically  all  the  methods  em- 
oyed  for  regulating  the  voltage  of  direct  current  dynamog 
id  circuits,  are  applicable  to  alternators  and  alternating  current 
rcuits.  For  example:  in  order  that  they  shall  automatically 
amtain  a  constant  or  rising  voltage  with  increase  of  load, 
ternators  are  provided  with  composite  winding  similar  to  the 
impound  winding  of  direct  current  dynamos,  but  since  the 
tternating  current  cannot  be  used  directly  for  exciting  the 
dd  magnets,  an  accessory  apparatus  is  required  to  rectify 
;  or  change  it  into  direct  current  before  it  is  used  for  that  purpose. 

It  is  a  fact,  however,  that  composite  wound  alternators  do 
tot  regulate  properly  for  inductive  as  well  as  non-inductive 
oads. 

In  order  to  overcome  this  defect  compensated  field  alternators 
fcve  been  designed  which  automatically  adjust  the  voltage  for 
ffl  variations  of  load  and  lag.  These  machines  have  already 
*en  described. 


Alternating  Current  Feeder  Regulation. — With  slight 
nodification,  the  various  methods  of  feeder  regulation  employed 
rith  direct  current,  may  be  applied  to  alternating  current  distri- 
mtion.  circuits.  For  instance,  if  a  non-inductive  resistance  be 
^roda^  in  sny  electric  circtiit,  the  consequent  dxopm'W&p^ 
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will  be  equal  to  the  current  multiplied  by  the  resistance, 
fore,  feeder  regulation  by  means  of  rheostats  is  practii 
same  in  the  case  of  alternating  current  as  in  that  < 
current.  In  the  case  of  the  former,  however,  the  effect 
induction  may  also  be  utilized  to  produce  a  drop  in 
In  practice,  this  is  accomplished  by  the  use  of  self-ii 
coils  which  are  commonly  known  as  reactance  coils. 


a.  9,41*. 
roUP 

D,  coming  from 

withm  the  coils, 

induce*  h  pressure  in  the  secori3ai 


collP.  cotuisiint  of  many  lam!  offiytt  ki-i.  ii  connected  across  the  m» 
").  coining  from  the  alternator.  Tne  secondary  coll  S.  comiitiHt  of 
VI,  is  connected  in  aeries  with  the  conductor  D.    The  laminated  ir 


_  _.._.cated  by  the  dotted  line*,  the  direction  of  the  magnetic  line* 

d  with  respect  to  the  secondary  coil  and  an  opposing  pressure  will  \ 

.    Thus,  by  turning  the  core,  the  pressure  difference  between  the  1 

■Rarujstori  operating  on  this  t--  ■-■    -      -  <-  .  '     -■     . 


for  series  lighting,  and  .also  to  adjust  tlit  to\\*«s  crt  the  branches'  ol 
v  Mingle  pbaa*  and  polyphase  systems. 


4- 
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$  Application  of  Induction  Type  Regulators. — In  supplying 
righting  systems,  where  the  load  and  consequently  the  pressure 
Fdrop  in  the  line  increases  or  decreases,  it  becomes  necessary  to 
■oise  or  lower  the  voltage  of  an  alternating  current,  in  order 
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Pig.  2,415. — Diagram  of  induction  regulator  raising  the  yoltage  10  %.  In  the  diagram  an  alter- 
nator is  supplying  100  amperes  at  2,200  volts.  The  regulator  raises  the  feeder  pressure  to 
2,420  volts,  the  current  being  correspondfngly  reduced  to  91  amperes,  the  other  9  amperes 
Sowing  from  the  alternator  through  the  primary  of  the  regulator,  back  to  the  alternator. 


to  regulate  the  voltage  delivered  at  the  distant  ends  of  the 
system.  This  is  usually  accomplished  by  means  of  alternating 
current  regulators  or  induction  regulators.  A  devise  of  this  kind 
is  essentially  a  transformer,  the  primary  of  which  is  excited 

~  i — 
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fc>  2.416, — Diagram  of  induction  regulator  lowering  the  voltage 
the  regulator  lowering  the  feeder  pressure  to  1,980  volts  with 
current  to  J 11  Mmpenes.the  additional  11  amperes  flowing  from  tta  ieefot,  Xtatt^a.  >&& 


70.     The  diagram  shows 
an  increase  of  the  secondary 
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by  being  connected  directly  across  the  circuit,  while  the  secondai 
is  in  series  with  the  circuit  as  shown  in  fig.  2,414.  By  th 
method  the  circuit  receives  the  voltage  generated  in  the  set 
ondary. 

Ques.    Name  two  types  of  pressure  regulator. 

Ans.  The  induction  regulator,  and  the  variable  ratio  trans 
former  regulator. 

Ques.     Of  what  does  an  induction  regulator  consist? 

Ans.  It  consists  of  a  primary  winding  or  exciting  coil, 
secondary  winding  which  carries  the  entire  load  current 


The  primary  is  wound  for  the  full 
nected  across  the  line,  while  the  secondary 
the  line. 


Ques.    What  Is  its  principle  of  operation? 

Ans.     When  the  primary  coil  is  turned  to  various  positim 

the  magnetic  flux  sent  through  the  secondary  coil  varies  in  valtu 

thereby  causing  corresponding  variation  in  the  secondary  vc4l 

age,  the  character  of  which  depends  upon  the  value  and  direc 

don  of  the  flux. 
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f.    Ones.   What  is  the  effect  of  turning  the  secondary 
'  coil  to  a  position  at  right  angles  with  the  primary  coil? 
Ans.    The  primary  will  not  induce  any  voltage  in  the  second- 
ary, and  accordingly  it  has  no  effect  on  the  feeder  voltage. 
Ques.    What  is  this  position  called  ? 
Ans.    The  neutral  position. 

Ques.  What  are  the  effects  of  revolving  the  primary 
aril  from  the  neutral  position  first  in  one  direction  then 
in  the  other? 


4fikeii 


fit  2.118. — Moving  clement  or  primary  ol  WentinehouK  motor  operated  pdyph.'i&o  indue. 


Ans.  Turning  the  primary  in  one  direction  increases  the 
'■  TOltage  induced  in  the  secondary,  thus  increasing  the  feeder 
1  voltage  like  the  action  of  a  booster  on  a  direct  current  circuit 
while  turning  the  primary  in  the  opposite  direction  from  the 
neutral  position,  correspondingly  decreases  the  feeder  voltage. 
Ques.  It  was  stated  that  for  neutral  position  the 
primary  had  no  effect  on  the  secondary;  does  the  sec- 
ondary have  any  effect  on  the  feeder  voltage? 

Ans.    The  secondary  tends  to  create  a  magnetic  field  ot  ita 
own  Betf-induction,  and  has  the  effect  of  a  choke  CCflL 
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Qucs.    How  Is  this  tendency  overcome? 

Ans.  The  primary  is  provided  with  a  short  circuited  winding, 
placed  at  right  angles  to  the  exciting  winding.  In  the  neutral 
position  of  the  regulator,  this  short  circuited  winding  acts  like 
the  short  circuited  secondary  of  a  series  transformer,  thus 
preventing  a  choking  effect  in  the  secondary  of  the  regulator. 

Ques.  What  would  be  the  effect  If  the  short  circuited 
winding  were  not  exployed? 


Fie.  2.410.— Top  end  of 

l,::v.  ,,.„„!a '..)-;    .■„■*■ 


fxprtv.:l«1.   thereby   Irun-.tf  up  Ltiu  liitttr  txtnur  li-c 
plate)  keyed  in  position.     Then,  prior  to  rcmovim 


□f  Weatingbouae  polyphate  U 

■milt  up  jn  a  ihort  skeleton  £•• 

-  and  [he  top  cover  bolted  to  t 

hitiRS  are. stacked  loosely  ra  1 
ilaced  inside  the  punching!  a 
;  fiually  compressed  and  the  a 

mandrel  a  finiahina  cat  u  tab 
;etl  are  attached,  and  aa  the  t 
ignment  of  the  primary  with  t 
ti  the  tendency  to  develop  Tibi 


Ans.     The  voltage   required   to   face  the   full  load   current 
through  the  secondary  would  increase  as  the  primary  is  turned 
away  from  either  the  position  ol  mssasmsm.  <rc  wMsmum  regu-| 
'at/on,  reaching  its  highest  value  aX.  t\v&TvwX.tai.v»^'««i. 
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f 

The  short  circuited  winding;  so  cuts  down  this  voltage  of  self-induction 
that  tbe  voltage  necessary  to  force  the  full  load  current  through  the 
secondary  when  the  regulator  is  in  the  neutral  position  is  very  little 
more  than  that  necessary  to  overcome  the  ohmic  resistance  of  the 
secondary. 

Ques.    What  effect  is  noticeable  In  die  operation  of  a 
tingle  phase  induction  regulator? 

Am.    It  has  a  tendency  to  vibrate  similar  to  that  of  a.  single 
phase  magnet  or  transformer. 


H.  fcSft—i Bottom  cad  ol 


condao'  of  Wotingbou 


Ques.    Why? 

Ans.  It  is  due  to  the  action  of  the  magnetizing  field  varying 
in  strength  from  zero  to  maximum  value  with  each  alteration 
tf  the  exciting  current,  thus  causing  a  pulsating  force  to  act 
•cross  the  air  gap,  which  tends  to  cause  vibration  when  the 
"»ving  part  is  not  in  perfect  alignment. 

Que*.    Explain  die  effect  produced  by  bad  alignment? 

Ans.  If  the  bearings  of  the  primary  be  not  in  perfect  align- 
"Knt  with  the  bore  of  the  secondary,  thereby  making  Mfoa  ws 
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gap  on  one  side  smaller  than  that  on  the  other,  the  crowdii 
over  of  the  flux  to  the  smaller  air  gap  will  cause  an  intermittei 
pull  in  that  direction,  which  will  develop  vibration  unless  tl 
primary  bearings  are  tight  and  the  shaft  sufficiently  stiff  I 
withstand  the  pull. 

Ques.    Upon  what  does  the  regulator  capacity  for  at 
given  service  depend? 


Pig.  2.491. — Westinghouse  two  k*.,  hand  operated,  air  cooled  indaction  regulator  for  toil 


Ans.     It  depends  upon  the  range  of  regulation  required  Bi 
the  total  load  on  the  feeder. 
Ques.    How  Is  the  capacity  stated? 

Ans.     In  percentage  of  the  full  load  of  the  feeder. 

For  instance,  on  a  100  kilowatt  circuit,  a  10  kw.  regulator  vriH  g 
10  per  cent,  regulation,  and  a  5  kw.  regulator,  5  per  cent.  regiJaticO 

Polyphase  Induction  Regulators. — The  polyphase  ind* 
don  regulator  is  similar  to  the  single  phase,  regulator  esc* 
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hat  both  the  primary  and  secondary  elements  are  wound  with 
s  many  sets  of  coil  as  there  are  phases  in  the  circuit. 
la  construction  these  windings  are  distributed  throughout 
Ihe  complete    circumference    of    the    stationary    and   moving 


i  regulator  showing  operating 

... it.    This  worm  gear  ia  Boused 

ing  is  nude  separate  in  order  to  per- 


made  for  either  alternating  current 
n  regulator  ia  operated  by  hand,  the 
ic  it  will  be  impossible  to  operate  the 
ir  gear  is  replaced  by  a  hand  wheel 


dements  and  closely  resemble  the  windings   of  an  induction 
motor. 

Polyphase   regulators   have  but   little   tendency   to   vibrate 
because  the  £eld  across  the  air  gap  is  the  resultaxA  ol  \wo  Cft 
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more  angle  phase  fields  and  is  of  a  constant  value  at  all  times. 
This  field  rotates  at  a  rate  depending  upon  the  number  of  pole 
and  the  frequency  of  the  circuit.  This  produces  a  mechanical 
pull  of  constant  value  which  rotates  with  the  magnetic  field 
varying  its  position  from  instant  to  instant. 

It  is  evident  that  this  pull  is  of  an  entirely  different  character 
from  that  produced  by  the  single  phase  field  and  that  there  is 
no  tendency  to'  set  up  the  vibration  that  the  mechanical  pull 
of  the  single  phase  regulator  tends  to  establish. 


It  II  preferably  p 


cmpecled  directly  to 


There  is,  however,  considerable  torque  developed,  and  the 
device  for  revolving  the  moving  element  must  be  liberally 
designed  so  as  to  withstand  the  excess  torque  caused  by  tem- 
porary overloads  or  short  circuits. 

Ques.  In  what  respects  do  polyphase  induction  regu- 
Jators  differ  in  principle  from  single  phase  regulators? 

Ans.     The  induced  voltage  in  the  secouiarj  Vaa  «.  c 
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>,  and  the  regulation  is  effected  by  varying  the  phase  rela- 

between  the  line  voltage  and  the  regulator  voltage. 

ms.    How  is  die  primary  wound? 

s.    It  is  wound  with  as  many  separate  windings  as  there 

liases  in  the  circuit,  and  these  primary  or  shunt  windings 

mnected  to  the  corresponding  phases  of  the  feeder. , 


4. — General  Electric  direct 
j*  anUrct  «|nl  r  ' 

>.42&    Thia  regulator 

»trolieVTii_ 

ca  the  regulator,  G 

bracket*  when  regulator  cann 

f  thunt.  when  it  is  desired  t>.      .    .. 

at  resiUncc  to  reduce  the  voltage  t      ___,  . 

later  installations.    To  prevent  undue  decay  at  the  relay  contai 
sen  IS  kw.  capacity  ol  dynamo  with  laminated  pole*,  and  one  im 

■olid  steel  poles. 

i».    What  kind  of  magnetizing  flux  is  produced  by 
-imary  windings? 

A  practically  constant  flux  which  varies  in  direction 
is.    How  Is  die  secondary  wound? 

There  is  a  separate  winding  for  each  phase. 
>s.    Why  is  the  voltage  induced  in  the  secondary 
ant? 

e  of  the  constant  magnetizing  flux.. 
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Ques.  How  is  the  line  voltage  varied  by  a  polypha 
regulator  ? 

Ans.  When  the  regulator  is. in  the  position  of  maxfam 
boost,  the  line  AB,  fig.  2,425  represents  the  normal  bust 
voltage,  BC  the  regulator  voltage,  and  AC  the  results 
feeder  voltage.  When  the  regulator  voltage  is  displaced  1 
degrees  from  this  position,  the  regulator  is  in  the  position 
deliver  minimum  voltage  to  the  feeder,  the  regulator  volte 
being  then  represented  by  BD,  and  the  resultant  feeder  volte 


Pzg.  2,425. — Diagram  illustrating  operation  of  polyphase  induction  regulator* 


by  AD.    When  the  regulator  voltage  is  displaced  angularly 
the  direction  BF,  so  that  the  resultant  feeder  voltage  AP 
comes  equal  to  the  normal  busbar  voltage  AB,  the  regulatoa 
in  the  neutral  position.     Intermediate  resultant  voltages 
compensating  the  voltage  variations  in  the  feeders  may 
obtained  by  rotating  the  moving  element  or  primary  in  eitl 
direction  from  the  neutral  position.    For  example,  by  rotati 
the  primary  through  the  angle  FBE,  the  resultant  voltage  m 
be  made  equal  to  AE  or  AJ,  thereby  increasing  the  feeder  volt* 
by  an  amount  BJ;   or  by  rotating  it  in  the  opposite  direct* 
through  the  angle  FBG,  the  feeder  voltage  may  be  reduced  1 
an  amount  BH. 
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i  f-  Ques.    How  are  induction  regulators  operated? 

Ans.    By  band  or  automatically. 

Ques.    How  is  automatic  operation  Becured? 

,  j  Ans.    By  means  of  a  small  motor,  controlled  by   voltage 

i  Ululating  relays. 

*-  Ques.    How  is  the  control  apparatus  arranged? 

*  Ans.  Two  relays  are  employed  with  each  regulator,  a  primary 
"^fcriay  connected  to  the  feeder  circuit  and  operating  under  changes 
wf  voltage  therein,  and  a  secondary  relay  connected  between 
■the  primary  relay  and  the  motor,  and  operated  by  the  contacts 
M      H      M 

**  MX.— Weslinghouse  voltage  regulating 

■  Pain  relay ;  view  at  mechanism  with  case 
tmral    This  relay   u   practically  a  volt- 

•  '  Hnmuid  formalang  and  breaking  con- 
.  *tl  ■A  fluctuations  of  voltage.  Al  shown 
*  *  the  orate,  it  cooaista  essentially  of  a  aole* 
.  Kid  mia  Balance  beam  carrying  two  mov- 
tsfeoxiuct  points  on  one  end  and  attached 
i  h'iesoimoil  core  at  the  other.  The  otcdl- 
!  i»tool  the  core  canaea  the  contact  carrying 
— "h  '**lcf  toe  beam  to  move  between  two  station- 

■  ■Jantaci  pointa  connected  to  the  ausiliary 
-—-'-—     -uy  circuit.     The  stationary 

re  fitted  wi  th  adjusting  acrewi 
using  or  decreasing  the  dia- 
hem.  to  the  amount  of  change 

tri  H  MMact^ia  other  worda.  for  varying  the 

F  >  ■*  U*  normal  voltage  which  it  ia  desired  to 

I  asknin  are  provided  in  the  apring  attached 

ZH\  ■  lie  balance  beam  and  controlled  by  the 


Is  1  5*1  of  the  apring  results  in  lowering  the 
i  "sal  milage  position.    The  relay  ia  wound 

LT I  ■■  normal  voltage  of  1 10  volt*,  and  has 
"    '  iaafj  of  adjustment  from  90  to  130  volts. 

RS  5"  BUI  energy  required  for  it*  operation  is 
,  *m  »  watta  at  normal  voltage.     Voltage 

~ii  J*rmen  having  at  lead  SO  watts  capac- 
j  We*  therefore,  required.     The  parts  are: 

?3  i-efcnokt;  B,  solenoid  core;  C,  end  of  bal- 
.1  *Mbesm;  D,  pivots,  bearings;  B.  movable 

J  *='.  G.  knKr  stationary  contact  point!  H. 
\<%  wWUuiicrrw-.K.adiustingiprinaiL.feedel 

.jtefposts:  ^  ausiliar^  circuit  and  sec- 
ft.  f  Warr  relay  bmding  post*. 
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of  the  former,  for  starting,  stopping  and  reversing  the  mot 
accordance  with  changes  in  the  feeder  voltage,  thereby  cm 
the  regulator  to  maintain  that  voltage  at  its  predetenr 
normal  value. 

G    G    G    G 

I    .!.    .'    i 


Pic  3,427. — Wrs(  [nghfruja  vol  tags  n-gutating  secondary  relay;  view  showing  rcJaj'  m 
from  oil  tank.  The  secondary  relay  is  practically  a  motor  starting  switch  <*"  lb* 
pole  double  throw  type,  electrically  operated  through  the  contacts  of  the  pnmirj 

for  starting,  stopping  and  reversing  the  motor  and  for  properly  operating  tht 
brake.  The  parts  ate:  A,  solenoid:  B.  laminated  field;  C.  mcvable  contact  as 
stationary  contact  arms-,  E,  removable  brass  contact  points;  P,  terminal  block;  ' 


Ques.    Why  are  two  relays  used? 
Ans.    For  the  reason  tnat  a  'pronas')  tdasj,  <£  suffi 
accuracy  and  freedom  irom  errors  4a»  V»  * 
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lency  variations,  could  not  be  made  sufficiently  powerful 
irry  the  relatively  large  current  required  for  operating  the 


lies.    What  names  are  given  to  the  relays? 

is.     Primary  and  secondary. 

ues.    What    difficulties    were    encountered    in    the 

ration  of  relays? 

as.     Vibration  or  chattering  at  the  contacts  of  both  relays 


R 
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tendency  of  the  movable  contact  arm  of  the  primary  relay 
ug  closer  to  one  of  the  stationary  contact  points  than  to  the 
t,  thereby  operating  too  often. 

lues.    What    causes  vibration   or  chattering  ax  \V«. 
tacts? 
»     This  is  due  to  the  voltage  frequently  appxoxmva.'C\t> 
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the  value  required  for  closing  a  contact,  thereby  causing 
contact  points  to  barely  touch  and  make  several  poor  con 
in  succession. 

Ques.  What  objectionable  action  is  produced 
vibration  at  the  contacts? 

Ans.  Arcing,  burning  and  pitting  of  the  contacts,  even 1 
alloys  of  the  rarer  metals  are  used,  such  as  those  of  the  plat 
group,  having  extreme  hardness  and  high  melting  points. 


TOL 


&TARTIM6  RESISTANCE 


(TO  BUS  BARS 


Fig.  2,429. — Diagram  of  connections  of  automatic  induction  regulator  and  auxiliary  apj 
on  single  phase  circuit. 


Ques.    What  effect  is  produced  by  poor  contact  of 
primary  relay? 

Ans.    It  causes  chattering  in  the  secondary  relay;    v 
burns  out  and  wears  away  its  contact  points,  increasing 
Seating  of  the  motor,  creating  objectionable  noise  and  ente 
fvear  and  tear  on  the  whole  outfit. 
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Ques.  Why  does  the  movable  contact  arm  of  die 
imary  relay  tend  to  remain  nearer  one  of  the  stationary 
intact  points  than  the  other? 

Ans.  This  is  due  to  the  tendency  of  the  relay  to  open  the  coll- 
et whenever  the  voltage  equals  that  at  which  the  contact  closes. 

Ques.  What  provision  is  made  in  the  primary  relay 
>  prevent  vibration  or  chattering? 

Ans.    Two  auxiliary  windings  are  provided:    one  in  series 


3  PHASE  UHE 
4 


SECONDARY 


b 


BRAKE 


REGULATOR 


MOTOR  OPERATING 
CIRCUIT 


PRIMARY 
RELAY 


SHUNT 
TRANSFORMER 


A  ••  *L-COMPtNSAT0R 

rTS-J 

KIXR  CIRCUIT 

•  2.430. — Diagram  of  connections  of  automatic  induction  regulator  and  accessory  appara* 

tai  on  three  phase  feeder  circuit. 


h  each  of  the  stationary  contact  points  and  so  arranged  as 
assist  in  making  the  contact  by  increasing  the  pressure  on 
contact  points  at  the  instant  of  closure. 

The  best  effect  of  the  compounding  action  oi  the  auiiWarj  csft&^fl* 
ohtairmM*  when  aaaaaiod  for  f  per  t*n%,  rf  tftt  frwqflftn*  tinatM^dL 
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and  finger 


it  the  lower  voltage.    Tw< 
insulated  bar.     These  fingers  are  connected  to  the  floating 
tact  (ucf:t-s«ively  with  each  of  the  ten  taps.    The  wccnd  in 


mer  at  the  proper  t 
Mined  by  a  eontinui 


only  one  upon  which  aroint 

tarn.  The  miin  castings  are  made  ot  thmawMn.  Vi  w™™  *"  * 
theetiroa  cover  is  used  to  enclose  G»  «gato*n«.™i™»""™' 
the  bottom  at  tLo  controller. 


wintt  <■*"■»* 

the  regulator  n 
are  insulated,  a 
attached.    TBI 
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A  non-inductive  resistance  placed  in  parallel  with  each  coil  of  the 
xmdary  relay,  takes  current  approximately  in  phase  with  the  current 
the  main  coil  of  the  primary  relay,  and  of  proper  strength  to  make  the 
mber  of  ampere  turns  in  the  auxiliary  coil  three-fourths  per  cent,  of 
5  number  in  the  main  coil.  The  resistances  have  the  additional  effect 
absorbing  the  "discharge"  from  the  main  coils  of  the  secondary  relay 
icn  the  contacts  are  broken,  thereby  obviating  sparking  at  the  primary 
itact  points. 


iWWW   WAWA 


ALTERNATOR 


lable  Ratio  Transformer  Voltage   Regulators. — The 

>le  of  operation  of  this  class  of  regulator  is  virtually  the 
as  that  of  the  induction  type  regulator-,  that  is  to  sa.-$4 
xmsist  of  regulating  transformers,  but  in.  the  wda^Afe 
d  tie  primary  or  series  coil  is  divided  into  a  wwnb« 
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Eisiiir 


I  I  I      ||l  J  !  I  1^6769101  J  I      I  jl     I  i 


transformer  reflulatoi 


lator  uwd  in  connection    «u> 

lrjr,::f.,rmci.     When  tcgulitora 

luge  power  tun-!  .inner-,,  ill.-  KBdlalii.i 

■y  Upi  for  TCgula  ting  i 


M*  cmirroll, 


■Antra  connei'tifiii*   fur  a  ulnttlr  pliam  reft  u  la  lor. 

pnlyph.iae  rcguiaiors  are  mniireci,  V^  cwmiyA™** 

"    nitllyol  tn-owUufiinilrph^ctcmmtiA'jn.an; 

r  i.v  miraded  in  ItngUi  na»  WW  •"** 


of  sections  which 
may  be  successively 
cut  in  or  out  of  the 
circuit  to  be  regul- 
ated, instead  of 
varying  the  flux 
through  the  entire 
coil,  as  in  the  in- 
duction  type. 
There  are  two  dis- 
tinct mechanical 
forms  of  variable 
ratio  regulator: 

1.  Drum  type; 

2.  Dial  type. 

Drum  Type 
Regulators.— 

This  form  of  vari- 
able ratio  transfor- 
mer consists  essen- 
tially of  adrum  and 
finger  type  switch, 
similar  to  a  rail- 
way controller. 

There  are  many 
contacts,  giving  « 
large  number  of 
points  of  regula- 
tion, obtained  by 
the  use  of  chaag- 
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The  floating  coil  is  a  part  of  the  secondary  winding  of  the  regu- 
lating transformer  which  is  insulated  from  the  main  portion  of  the 
winding,  and  is  sub-divided  by  taps  into  a  number  of  equal  sections. 

The  sub-divisions  of  the  main  secondary  winding  are  much 
larger,  each  one  being  equivalent  to  the  whole  of  the  floating  coil. 

Ques.    Describe  the  operation  of  a  drum  regulator. 

Ans.    The  floating  coil  and  main  windings  are  first  connected 


®             ftH?- 

.X&F~ 
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'Hi   2.134. — Diagram  of  connectioiH)  of  General  Electric  hlfth  roltoBe  cut 

A)  (or  voltage  regulator*.     It*  u*e  in  connection  with  the  regulator  pro.=..o  u»  djb™ 
ban  any  Hidden  ri*e  in  voltage  due  to  aome  accident  to  the  regulator  which  might  cause 

the  relay  contact*  to  Mick,  thui  producing."  "  '-"  -■■-'--  '-  ■--      L 

amtrtd  maput  is  amnectU  in  stria  mlk  ™  ™.,™.„j  l.,,™  tu™,«   ™,™   ™  „ 
HHiidfor  and  tkt  contacts  art  connected  in  series  with  the  rheostat  shunt  circuit-     Then, 
I   (he  »ol  tafia  Ha*  beyond 


relay  (for 
,htcaul_ 


■»  series  with  each  other  and  with  the  line  to  be  regulated.  The 
Boating  coil  is  then  cut  out  of  the  circuit  step  by  step.  When 
Entirely  cut  out  it  is  transferred  to  the  next  lower  tap  on  the 
■Qain  winding,  after  which  it  is  again  cut  out  step  by  step  and 
Hien  transferred  again.  By  continuing  this  process  a.  Yax^c 
■Umber  of  steps  are  provided  with  but  comparatively  lew  adtttA 
*f*s  on  the  transformer- 

i 
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Ques.    How  many  floating  coils  are  used  and  why? 

4ns.  Two  floating  coils  are  included  in  each  regulator  » 
that  one  can  be  transferred  while  the  other  is  supplying  the 
current  to  the  line. 


Dial  Type  Regulators. — This  form  of  variable  ratio  trans- 
former regulator  consists  of  a  regulating  transformer  and  a  dial 


Fie.  2.435.— Dial 


type  switch  as  shown  in  the  accompanying  illustrations.    Tte 

regulating  transformer   is   similar  to   a   standard  transformer 

except  that  the  secondary  wmdirvjt,  is  provided  with  a  numbs 

of  taps  leading  to  the  contact  ol  ttia  &si  wfu&i  as,  isswa.ii 

%e  diagram  ng.  2,437. 
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.    What  modification  is  made  to  adapt  dial  regu- 
;or  heavy  current? 

A  dial  with  a  series  transformer,  and  a  shunt  or  auto- 
rmer  are  employed  as  shown  in,  fig.  2,436. 
s.    Why  is  such  modification  desirable? 

Because,  the  additional  cost  of  a  series  transformer  is 


naU  in  comparison  with  the  cost  of  building  a  dial  with  a  ' 
inent  carrying  capacity,  and  the  cost  of  bringing  out  a  nu 
heavy  leads  from  a  small  transformer. 
Qnes.    How   are   dial    regulators   modified   for 
tofte? 

Ans.    Standard  dials  may  be  used  with  series  and  shunt 
cmeru  samSar  to  the  method  used  for  heavy  curreaX  ca 
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Ques.    Describe  the  connections. 

Ans.  The  primary  of  the  shunt  transformer  is 
across  the  line  and  the  secondary  has  a  number  of  1 
are  connected  to  contacts  on  the  dial.  The  primary  o 
transformer  is  connected  in  series  with  the  line  and 
from  the  secondary  winding  are  connected  to  the  dial 

The  connections  are  similar  to  those  shown  in  fig.  2,437 
shunt  transformers  are  used  instead  of  auto-transformers. 

J  i 


FsO.  1,487. — Dumm  of  connections  for  Westinghouse  dial  type  variat 

former.     In  com  true  tkm  the  Kcondary  winding  of  the  transfi 
14,  or  20  parta  giving  11,  15,  or  21  taps  which  are  brought  out  f  n 

far  an  11  point  dial  and  regulating  transformer.     Since  there  li 

(it  mb'ki  until  after  it   has  left  the 
undesirable  to  open  the  cL 
"""    1  reoujrenwr. 


are  met  by  tl 


the  contact 

ghth  inch  in  the  circuit  during  the  tone  of  changing  from  ' 

pefonn  s  "preventive  resistance."     A  quick  moving 

■e  contact  to  the  next,  a  very  quick 


emte  the  movement  from  or 


oontact*  U  35  vctta. 
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ill: 


IS 
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Pi mm. 
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will  be  seen  that  the  circuit  comprising  the  dial,  the  secondary 
ic  shoot,  transformer  and  the  secondary  of  the  series  transformer 
i  a  circuit  which  is  not  electrically  connected  to  the  main  circuit. 
m  therefore  be  grounded  without  disturbing  the  main  circuit  as  a 
guard  to  render  it  impossible  for  the  pressure  of  the  dial  to  be  higher 
re  the  ground  than  the  secondary  voltage  of  the  shunt  transformer. 


whiln  the  primary 
op  and  bottom.  are  proviaea  wiid  aisca  wmcr 
ng*.  ml  theae  diac*  bear  against  the  Up  and 
■ry  puochmga  in  damped.  These  secondary  i 
h  •BcondxTT  pnnchjnga. »  that  an  even  airgap 
tmand.  The  •econdary  coil  >•  wound  with  i 
bjcb  affords  fp  for  the  nneratinir  ahaft  of 
ided  in  the  table  which 

ded.    Pleribkl«>d»a»L.-^ „ _ _  _„. 

*— *■"*  flfSC  f"8*  .  Th"  rogulator  being  two  po\e,  W*  tt 
.  ma  mat*  ol  laO  &&  to  abUua  tin,  foU  ™ogo  of  tin  MgolabX. 


.  m«hani*m  and  from  which  the  regn] 
from  the  rotor  and  twiMeft  aiwini  4 
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Small  Feeder  Voltage  Regulators. — In  some  gener 
stations  the  voltage  is  maintained  constant  at  the  busbars 
the  line  drop  compensated  by  automatically  operated  : 
lators  connected  in  the  main  feeders.  It  is  possible  in  this 
to  obtain  constant  voltage  at  all  loads  at  the  various  distrib 
centers,  that  is,  at  those  points  on  the  feeders  where  the  lir 
the  majority  of  consumers  are  connected  as  shown  in  fig.  2 

CON$UMLR 


4-STATI0N  BUS 


REGULATOR 


CENTER  OP  WSTRI 


4-STATION  BUS 


REGULATOR 


I 


C 


1 


Pigs.  2.447  and  2,448. — Systems  of  distribution  illustrating  use  of  small  feeder  or  poi 
voltage  regulators. 


It  is  evident,  however,  that,  while  the  voltage  at  the  o 

of  distribution  can  be  maintained  constant,  no  account 

be  taken  of  the  drop  in  the  lines  between  this  center  anc 

consumers.     This  drop  is  generally  negligible,  except  in  i 

particularly  long  lines,  as,  for  example,  eoosoirct  B  \&l£^  2 
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In  order  to  obtain  perfect  regulation  at  B,  it  would  be  neces- 
ht?  to  install  a  separate  regulator  in  that  line,  this  regulator 
to  be  installed  either  at  the  center  C  or  preferably  at  B . 

In  a  great  many  cases  the  power  distribution  is  not  as  ideal  as  indicated 
in  fig.  2,447.  but  rather  as  shown  in  fig.  2,448,  that  is,  the  consumers 
ue  connected  all  along  the  feeder.  In  this  case  there  is  no  definite 
renter  of  distribution,  and  the  automatic  regulator  installed  in  the 
station  can  be  adjusted  to  give  only  approximately  constant  voltage  at 
an  imaginary  center  of  distribution  C;  that  is,  the  voltage  cannot  be 
held  constant  at  any  definite  point  during  changes  of  load  dVrihution. 


The  majority  of  the  consumers  may,  however,  obtain  sufficiently 
good  voltage  while  a  few  may  have  reason  for  criticism.  To  overcome 
this  difficulty  it  is  necessary  cither  to  increase  the  copper  in  the  feeder 
or  else  to  install  small  automatic  regulators. 

There  are  also  cases  where  a  small  amount  of  power  is  transmitted 
along  distance  through  a  feeder  direct  from  the  station. 

The  amount  of  copper  required  to  reduce  the  line  drop  is  usually  too 
great  to  be  considered  and  the  cost  of  the  ordinary  automatic  regiatot 
_.i liwajyAjpfi.    In  such  cases  small  pole  type  regulator  «a 
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Ques.    Describe  the  operation  of  the  regulator  mec 
Ism  shown  in  fig.  2,450. 

Ans.     Assuming  the  voltage  to  be  normal,  the  balance 
of  the  relay  will  be  held  horizontal,  the  trips  F  will  not  ei 


*ta.  2.460.— Mechani 


a  K.  mounted  or 
i.  Normally  these  c 
lent,  controlled  by  tl 
that,  if  the  trigger  li 

byViis 'trigger.    A  farti«W"iovemetit  ofThe  ratchet  wheel  in  that  particular  din 

therefore  impossible,  while  it  is  free  to  be  moved  the  other  way.    A  positive  atop 

grar  segment  is  alao  provided.    The  motot  is  vto-n°»i  ^"^  *  no«  beano**,  i 

tear  for  the  motor  worm  rum  ill  oil,  the)  «vOToh»a»  (»»£»» lamata**  a. ^^-Gart 


rn  holding  I 
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be  triggers  E,  and  no  movement  is  therefore  transmitted 
ratchet  wheel  C.  If  the  voltage  drop  below  normal,  the 
ad  trip  will  descend  until  it  finally  gets  in  the  way  of  the 
od  trigger  just  before  it  reaches  the  limit  of  its  counter- 
ise  travel.  This  trigger  will  therefore  release  the  left 
),  which  will  engage  with  the  ratchet  wheel  and  will 


The  TOmpenMtin«'aESi"»s0w'[] 


uently  turn  it  clockwise  until  the  rocker  arm  reaches  its 
land  limit.  Before  the  rocker  arm  reaches  the  left  hand 
the  released  pawl  must  be  locked  by  its  trigger,  so  that 
voltage  has  reached  its  normal  value,  further  movement 
ratchet  wheel  will  not  take  place,  whereas  if  the  voltage 
.  too  low,  the  trigger  will  again  release  the  pavri  bv  ffcrik&g, 
o  af  the  relay. 
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1b   this   automatic   locking   of  the 


Ques.    How 
obtained? 

Ans.     By  having  a  lip  G  on  the  under  side  of  the  paw 
a  finger  H  fastened  to  the  bearings  in  front  of  the  ratchet 


CONDENSER  SECTIONS 


with  tripod.    Tl 


in  ihowi  three  lections  in  poiition. 

Ques.  How  does  the  mechanism  operate  whe 
voltage  rises  above  normal? 

Ans.  As  described  above,  with  the  exception  that  th 
hand  trip  causes  a  rotation  of  the  regulator  in  the  o 
direction. 

Ques.  How  is  adjustment  made  for  various  vol 
■Ans.     Taps  are  provided  on  ttva  Tesasfcaos*  -m.  wsnaa  ■» 
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relay,  and  finer  adjustment  can  be  obtained  by  means  of  the 
helical  spring  on  the  right  hand  end  of  the  balance  arm. 

Id  order  to  adjust  the  sensitiveness  of  regulation,  the  bearing  for  the 
balance  arm  can  be  raised  or  towered  by  means  of  a  stud  J,  fig.  2,450, 
connecting  this  bearing  with  the  bearing  of  the  operating  shaft,  and  the 
regulator  can  be  made  to  maintain  the  voltage  within  1  per  cent,  above 
wbetow  normal. 


jr 

itches,  and  a  71  point 

... , r, .      _..--— are  airnnaed  with  an 

automatic  lock  to  prevent  their  being  operated  too  rapidly.  The  magnet  switches  them' 
•ab*t  are  so  id  terloeked  that  the  proper  sequence  of  operation  ia  insured.  The  electrically 
operated  twitchea  may  be  of  the  open  type,  mounted  on  a  slate  or  marble  switchboard, 
■men  the  whale  control  outfit  ii  placed  in  a  room  which  ia  comparatively  fiee  from  don 
or  dirt  of  any  land,  and  where  (hen  ia  no  danger  of  employee*  corning  in  contact  wHh 
the  iwitchtea.  The  other  type  of  switch  is  entirely  enclosed,  the  main  contact*  bmng 
'  immersed.    The  frames  of  chew  twitches)  ore  grounded  and  the  whole  design  to  ar- 

____■•.  of  this  type  are  adapted  for  metallurgical  purposes  whan 
d  in  the  primary  circuit  and  the  secondary  grant  to  of  very  low 
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Quea.  What  provision  is  made  for  convenient  inspection? 

Ans.     A  snap  switch  is  provided  by  means  o£  which  the  power 
to  the  motor  and  relay  can  be  disconnected. 

Automatic  Voltage    Regulators    for   Alternators.— The 

accurate  regulation  of  voltage  on  any  alternating  current  system 


2.454  and  2,455.— Front  and  rear  views  of  General  Electric  automatic  voltage  regulate!. 
The  regulator  has  a  direct  current  conl'tj  matnn.  an  nlrernatlnn  current  coMrof  awf- 
ul, and  a  relay.  The  direct  current  control  magnet  is  connected  to  the  eicitei  bui  ban. 


TheaTtar 


;wo  combined  produce  what  is  knunn  S3  the  "  iloating  main  contacts."  The  ratar  i» 
:isu  of  a  \)  shaprd  magnet  core  having  a  differential  winding  and  a  piroltd  imaiW 

-juoilof.    One  of  the  differentia]  windings  of  the  relay  ia  rx-rrnaflsntly  connected  acroa 

iuxrahta  the  effect  ot  the  first  winding  and  dm  the.  relay  contacts  to  abort  eircS 
a  exciter  Geld  rheostat.  Condensers  ate  eonotcXei.  actosa  Sat,  i«aq  wnlacta  to  prt- 
i(  •evBro  arcing  and  possible  injury. 
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i  of  importance.     The  desired  voltage  may  be  maintained 

estant  at  the  alternator  terminals  by  rapidly  opening  and 

sing  a  shunt  circuit  across  the  exciter  field  rheostat. 

Ones.    Describe  In  more  detail  this  method  of  regu- 

ion. 

Ins.     The  rheostat  is  first  turned  in  until  the  exciter  voltage 

reatly  reduced  and  the  regulator  circuit  is  then  closed.    This 


irt  circuits  the  rheostat  through  contacts  in  the  regulator  and 
:  voltage  of  the  exciter  and  alternator  immediately  rise.  At  a 
determined  point,  the  regulator  contacts  are  aufcoma&caSV'i 
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opened  and  the  field  current  of  the  exciter  must  again  ps 
through  the  rheostat.      The  resulting  reduction  in  voltage 
arrested  at  once  by  the  closing  of  the  regulator  contacts  which 
continue  to  vibrate  in  this  manner  and  keep  the  generator  voltage 
within  the  desired  Emits.   The  connections  are  shown  in  fig.  2,457. 

MAIM  CONTACTS       COMPENSATING      CURRENT 

fg/         ,       W'"P'^V        TRANSFORMER 


.....     ..thlft* 

.„.  field  rhoottatthrao* 
the  bottom  of  the  rv 


— Diagram  of  General  ElcLlric  automatic  voltage  regulator 

i  is  opened  by  means  of  a  single  pole  switch 
he  rheostat  turned  in  until  the  alternating 
i  normal.  This  weakens  both  of  the  centre 
■  di-'.-d.     Tins  i. '.■.■■■■-  Ilk-  nliiv  [  ircuit  and  di 

»  the  relay  contact*.     Tb» 


■  am!  the  & 


[.'jit  bWltrli   is  thi-n  ili'*.rl 


a  the  i 


^e: 


..„  _,.  the  voltage  of  the  alternator.    Thin. 

t  and  direct  current  control  magnets,  and  at  the  voltage  for  nil 
bf.  n  [jrt-vi  .r.-':-  arliusK-J.  the  main  contact*  will  open.    Tbe.nl 


y  .Tliu'lvi 
■  r.ii'l  hy  'j| 


ig  lo  lower  tht» 

ekmA,  tew  ■■ 

at  repeated.    T» 


Line  Drop  Compensators, — In  order  that  the  actual  voltage 
at  a  distant  point  on  a  distribution,  s^Vem  TOa.-*  be  read  at  the 
station  some  provision  must  be  roaie  \o  co^evwwi*  W  Ss*,"^ 
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at  is  to  say,  for 
ierence  in  volt- 
ween  the  alter- 
id  the  center  of 
son. 

rder  to  do  this 
:  which  is  known 
ae  drop  compen- 
s  placed  in  the 
:ter  circuit  as 
in  the  diagram, 
S. 

.  What  are  the 
d  parts  of  a 
Irop    compen- 

The  elements  of 

rop  compensator 
triable  resistance 
variable    induct- 

.    Describe   the 

rions. 

The  secondary 
ssure  transformer 
Aed  in  series  with 
ipensator  induct - 
i  resistance,  and 
mdary  of  a  cur- 
isformer  as  shown 
9gnmt,  tig.  2,458. 
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Ques.    How  are  the  Inductance  and  resistance  w 

Ans.    They  are  wound  so  that  any  proportion  of  the  w 
of  either  can  be  put  in  or  out  of  the  voltmeter  circuit 


Pig.  2.(59.— General 


and  inductance,  a 
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Ones.  How  can  the  voltmeter  Indicate  the  pressure 
it  the  center  of  distribution? 

Ans.  If  the  amount  of  inductance  and  resistance  be  properly 
adjusted,  there  will  be  produced  a  local  circuit  corresponding 
oactly  in  all  its  characteristics  to  the  main  circuit.  Hence,  any 
change  in  the  main  circuit  produces  a  corresponding  change  in 
the  local  circuit,  and  causes  the  voltmeter  to  always  indicate 


H*  pressure  at  the  end  of  the  line  or  center  of  distribution  or 

*  any  point  for  which  the  adjustment  is  made. 
^    Quea.    How  should  the  adjustment  b£  made? 
**  Ant.    It  is  advisable  to  calculate  the  ohmic  drop  tot  W\\oaA. 
%*6  tet  the  resistance  aim  at  the  point  which,  Wui.  £N%  ^Co» 


HAWKINS  ELECTRICITY 


HUN  GOHIHCTS  eQMPtHSMIT16 

I,..—      ,1     LI1  ■fHBTIS.  i|M(  0: 


Pig.  3,(62. — Diagrnm  of 


vidni  by  which  the  strength  of  t 
and  the  regulator  made  to  compensate  ior  any  uc 
cording  to  the  line  requirements.  Where  the  powi 
of  variation,  a  special  line  drop  cornpensatar.  sue 
the  regulator  would  be  desirable.     The  conneetior 

contacts  depends  on  the  characteristics  of  the  excite 
allowing  one  section  for  each  15  kw.  capacity  for  * 
for  each  22  kw.  capacity  for  exciters  with  aolid  ■ 
have  one  condenser  section  for  each  pair  of  relay  co 
sary  to  apply  a  double  section  for  each  pair  of  cot 
the  line  drop  compensation  and  connections  ia  repi 


factor  of  the  load  to 

h  shown  in  fig.  2,169,  adapts 
are  readily  understood  by  the 


le  roughly  ea __ 

ruinated  poles,  and 

lower  Dart  of  tb* ft 


former.    In  wiring 
wfil  be  combined  w 


the  voltmeter,  instead  of  bong  connected  directly  across  the  second! 
ormer.  tun  inserted  in  series  with  it,  portions  of  the  resistance  tat 
pensator.  These  are  ao  connected  that  the  drop  in  pressure  across  t 
h  that  of  the  prsaauxe  translormm,  so  xlsat  ii*  •rotameter  reading  i 
th«  canter  of  distribution,  or  eoS.ol'&B^e. 
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red  compensation  and  then  adjust  the  inductance  arm 
the  voltmeter  reading  corresponds  to  the  voltage  at  the 
on  the  line  selected  for  normal  voltage. 

utlng  Compensators. — These  are  used  for  starting 
tion  motors  and  consist  of  inductive  windings  (one  for 
phase)  with  a  number  of  taps  connecting  with  switch 


-—Diagram  of 


cts  as  shown  in  fig.   2,463.      A  starting  compensator  is 

t  to  a  rheostat  except  that  inductive  windings  are  used  in 

of  the  resistance  grids. 

as.    Describe  the  inductive  windings. 

i.    The   compensator   winding   consists   of    an   inductive 

1  each  phase  with  each  coil  placed  on  a  separate-  leg  of  a 

>ted  iron  core.     Each  coil  is  provided  with  several  taps  ' 

tied  thatm  number  of  sub-  voltages  may  be  tk/UO&A. 
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Ques.    Are  starting  compensators  necessary  for  sms 
motors?    Why? 

Ans.     No,  because  the  full  voltage  starting  current  take 
although  equal  to   several   times  the  load   current,  is  new 

;  SO  small,    com  pn  rod    with    the   capacity  of  the  stati 
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ternators  or  feeders,  that  it  does  not  materially  affect  the 
gulation  of  the  circuit. 

Motors  larger  than  about  7  horse  power  cause  an  objectionably  heavy 
rash  of  current  if  thrown  directly  on  the  line.  Starting  compensators 
obviate  such  sudden  variations  01  line  load  and  are  acrordingry  recom- 
mended for  motors  above  7  horse  power  except  in  cases  where  voltage 

variations  and  excessive  starting  currents  are  not  objectionable. 


and  2.487.— General  Eli 

Ki.  Z.46S.  tcmpraMlor  in  cu 

, "--a  of  a  ccri  and  loindmjj.  a  cable  damp,  and  a  switch. 

_  ___!«  mill  alirnal  ofrratint  bandit  and  rcltatt  lever 
ilm  wound  on  lepuiate  legs  ot  ■  laminated  core,  and  tapped 

is  operated  by  a  leva  at  the  right,  being 
•ft.    It  isprovided  with  wiping  contacts. 

has  three  position*:  "off/'  "starting."  and  ''running." 

„ tpmator  and  motor  windinp  art  disamnecled  from  tin 

laic.  In  th«  starting  position.  !ht  milch  conntcts  tht  tint  to  Hit  ends  and  the  motor  to 
Ik*  Uft  of  tki  comftntalar  windint  without  overload  relays  or  fuses  in  circuit,  to 
tha  tunnint  position,  the  camfiematum  mixdint  it  cut  out  and  tht  mater  ti  ccamreui  to 

the  line,  arid  thereby 


Toe  switch  is  immersed  in  nil.  «nd  i 
-     ■    juit  motor.     The 


At  of  position  can  be  thrown  only 

on  (baekwardT;  and  can  be  thrown  tlieute  into  Van  runnins  tuition 


r.  whereby  an 
Wieitartuuj: 


mtothannr^n«9(M9aatk.^vi<iiWa. 
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Ques.  What  should  be  noted  with  respect  to  the 
compensator  winding  taps? 

Ans.  The  choice  of  a  tap  giving  so  low  a  voltage  as  to  require 
over  one  minute  for  starting  should  be  avoided  so  as  to  prevent 
the  overheating  to  which  starting  compensators,  in  common 
with  other  motor  starting  devices,  are  liable  if  left  in  circuit 
unnecessarily  long,  or  if  the  motor  be  started  several  times  in 
rapid  succession. 


phase  lUrting  compemUr 


It  should  also  lie  noted  that  the  starting  current  diminishes  rapidly 
as  full  speed  is  approached.  It  is.  therefore,  important  that  the  switch 
be  kept  in  the  starting  position  until  the  motor  has  finished  accelerating 
to  prevent  any  unnecessary  rush  of  current  when  the  switch  is  thrown, 
to  the  running  position. 

Ques.    What    is   the    usual   arrangement   of    startuigfc. 
compensators  for  large  motors? 

■Ans.     Starting  compensators  may  \ae  -wovaA  tot  usj  -*■& 
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.  .witch  shaft  there  si 

...j.  held  together  with 

lich  operates  in  either  dirci 

-"-e  switch  beir—'-'-  —  -v 

>i  the  nmiL.. 

aw  WM  either  by  hand  or  ' 

i  i  low  .oltsge  relay.     The  1i 


runted  on  the  (witch  shaft.  The  compen- 
"ttr  nonet  be  thrown  into  the  running 
Mitkn  without  first  <oiof  to  the  it*rtm« 
portion  ud  it  cannot  beJaft  on  ton  ittrt- 


or  current  for  which  it  is  prac- 
ticable to  build  motors.  For 
very  large  motors  the  switch- 
ing device  is  generally  sep- 
arate from  the  compensator 
itself  and  consists  of  triple  and 
four  pole  switches  for  three 
phase  and  two  phase  motors 
respectively.  One  double 
throw  switch  or  two  inter- 
locked single  throw  switches 
are  required  for  the  motor 
and  a  single  throw  switch  for 
energizing  the  compensator, 
the  running  side  of  the  motor 
circuit  being  provided  with 
fuses  or  automatic  circuit 
breakers,  or  the  switches  pro- 
vided with  low  voltage  and 
overload  release  attachments. 

Star    Delta    Switches.— 

These  are  starting  switches, 
designed  for  use  with  small 
three  phase  squirrel  cage 
motors  having  their  windings 
so  arranged  that  they  may 
be  connected  in  star  for  start- 
ing and  in  delta  for  running. 

Ques.  Describe  the  oper- 
ation of  a  star  delta  switch. 

Ans.  In  starting  the  motor, 
the  drum  lever  is  tYwrotiVatiDfe 
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starting  direction  which  connects  the  field  windings  o 
in  star.  When  the  motor  has  accelerated  and  has  coi 
up  to  speed  the  starting  lever  is  quickly  thrown  to 
position  in  which  position  the  fiel'd  windings  are  cc 
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e  effect  of  connecting  the  field  winding  in  star  at 
o  reduce  the  voltage  applied  to  each  phase  winding, 
3  running  position  each  phase  of  the  field  winding 
voltage  impressed  upon  it. 


Jie  overload  relay  operati 
mg  the  iwitch  leva-  to  return  to  the 
*o  protection  darinf  the  Alerting  period,  and  when  such  protection,  im  dotind 
imbonld  bo  imtnlIeT.  Tiom/usn  if  used,  should  bsvo  a  e*p»at»  ul  1WJ  V> 
d  tbtDornmilaB  k*4  emwt «  tiw  nwtorT 
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—A  synchronous  motor  when 
efficiently  excited  will  produce  a  leading  current,  that  is,  when 
over  excited  it  acts  like  a  great  condenser,  and  when  thus  operated 
i  on  circuits  containing  induction  motors  and  similar  apparatus 
i  for  the  purpose  of  improving  the  power  factor  it  is  called  a 
tjmckronous  condenser. 

Although  the  motor  performs  the  duty  of  a  condenser  it  pos- 
•esses  almost  none  of  the  properties  of  a  stationary  condenser 
other  than  producing  a  leading  current,  and  is  free  from  many 
of  the  inherent  defects  of  a  stationary  condenser. 

I  The  relation  of  power  factor  to  the  size  and  efficiency  of  prime 
movers,  generators,  conductors,  etc.,  and  the  value  of  syn- 
chronous condensers  for  improving  the  power  factor  is  generally 
recognized 

Induction  motors  and  other  inductive  apparatus  take  a  com- 
ponent of  current  which  lags  behind  the  line  pressure,  and 
thereby  lowers  the  power  factor  of  the  system,  while  a  nan- 
:  inductive  load,  such  as  incandescent  lamps,  takes  only  current 
in  phase  with  the  voltage  and  operates  at  unity  power  factor. 

Since  transformers  require  the  magnetizing  current,  they  may 
j  seriously  affect  the  power  factor  when  unloaded  or  partially  I 
!  loaded,  but  when  operating  at  full  load  their  effect  is  practically  1 
)*glfeihfe 
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The  relative  effect  of  fully  loaded  and  lightly  loaded  induction 
motors  on  the  power  factor  is  indicated  by  the  diagram,  fig.  2,478. 
The  magnetizing  current  is  nearly  constant  at  all  loads  and  is 
wattless,  lagging  90  degrees  behind  the  impressed  pressure,  or 
at  right  angles  to  the  current  which  is  utilized  for  power. 

In  the  figure,  AB  is  the  magnetizing  component,  which  Is  always 
wattless,  and  CB  tha  power  component.  The  angle  ACB  gives  tho 
phase  relation  between  voltage  and  current;  the  cosine  of  ti  " 
CB  +  AC  is  the  power  factor. 


\<* 


f&. 


\* 


»^ 


*<> 


POWER    KW. 

■elativc  effect  of  fully  loidnd  and  light!/ loided 


D     B 


It  is  evident  from  the  diagram  that  if  the  load  be  reduced,  8___ 
CB  is  shortened,  and  as  AB  is  practically  constant,  the  angle  i 
ACB  is  increased.     It  therefore  follows  that  the  cosine  of  this  aog», 

The  figure  clearly  shows  the  reason  for  the  low  power  factor  of  induc- 
tion motors  on  fractional  loads  and  also  shows  that  since  the  m*f- 
netizing  current  is  practically  constant  in  value,  the  induction  mots 
can  never  operate  at  unity  power*  factor. 

With  no  load,  the  side  CB  (real  power)  is  just  sufficient  to  supply  thi; 

friction  and  windage.     If  this  be  represented  by  DB,  since  AB  remain* 

constant,  the  power  factor  is  reduced  to  10  or  15  per  cent,  and  the  mqttj 

takes  from  the  line  about  30per  cent.  ollv£i\a&&  current.    It  therefasj 

follows  that  a  group  of  lightly  loader!  \aQM.tfC-K.ti.mi*w*<»n.'w!iafc»«( 

thesystema  large  nurent  at  VBarifm&t  to*  V3*"* *»«**- 
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The  synchronous  motor  when  used  as  a  condenser,  as  before 
\  stated,  has  the  property  of  altering  the  phase  relation  between 

pressure  and  current,  the  dircctinn  and  extent  of  the  displace- 
ment being  dependent  on  the  field  excitation  of  the  condenser. 

it  can  be  run  at  unity  power  factor  and  minimum  current 
.  mput,  or  it  can  be  over  excited  and  thereby  deliver  leading  current 


Vu70.— General  Electric  MO  Vw. 
dmel  coraocted  eiciter  ini'  "  ' 
Cripple  Creek,  Colo.    The 

*nd.  mXidTtitm.  (in  unorit 


i  starting  and  tavt*  u 


Inch  compensates  for  the  inductive  load  on  other  parts  of  the 
rttem.  The  synchronous  condenser,  therefore,  can  supply 
lagnetizing  current  to  the  load  on  a  system  while  Oat  •p<y«sx 
■MDpaneat  is  supplied  by  the  generators. 
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ATB-370  KW.  GENERATOR 

Q  kingdom 


ATB  •  300  KW.  GENERATOR 
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— Diagram  showing  relative  k 
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„  _.  ...—__—..  id  synchronous  : 

loN.  Y.  Tho  distribution  system  of 
motor*,  as  shows.  The  Ivitnn  inc 
engine  driven  generator  plants;  fror 
rhicb  is  located  in  Mineville.  at  the  p 
circuits  from  the  points  "A  "  and  " 
ills  is  over  three  phase  circuits 
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Effects  of  Low  Lagging  Power  Factors. — Transformers  are 
rated  in  kva.  output;  that  is,  a  100  kva.  transformer  is  supposed 
todeliver  100  kw.  at  unity  power  factor  at  normal  voltage  and  at 
normal  temperatures;  but,  if  the  power  factor  should  be,  say  .6 
lagging,  the  rated  energy  output  of  the  transformer  would  be 
only  60  kw.  and  yet  the  current  and,  consequently,  the  heating 
*sld  be  approximately  the  same  as  when  delivering  100  kw. 
1  unity  power  factor. 


*K.MI1.— Keld  of  »  tyi. _..   .  _     

called  ttjutrrmt  ca#a  winding.  onMtina  of  two  end  ring!  which  MTVe  to  short  circuit 
ipokea  punas  through  the  pole  tip*  u  ihown.  The  ■  rnortiawur  winding  iHliU  in 
■amn|  and  inu  olio  oj  a  damping  device  la  mimmiu  bunting. 

The  regulation  of  transformers  is  inherently  good,  being  for 
wall  lighting  transformers  about  V/i  to  2  per  cent,  for  a  load 
d  unity  power  factor,  and  about  4  to  5  per  cent,  at  .7  power 

>  &ttcr.    Larger  transformers  with  a  regulation  of  1  per  cent,  or 
i  better  at  a  unity  power  factor  load,  would  have  about  3  per  cent. 

Kgulation  at  .7  power  factor. 

;    Alternators  also  are  rated  in  kva.  output,  usually  at  any  value 
;  of  power  factor  between  unity  and  .8. 

>  The  deleterious  effects  of  low  power  factor  loads  on  alternators 
*re  even  more  marked  than  on  transformers.     These  are,  de- 

;  tBtsed  kw.  capacity;  the  necessity  for  increased  excitex  capaaX.") , 
' ',  and  impaired  regulation. 
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Assume  the  case  of  a  100  kva.  .6  power  factor,  60  kw.  output.  It 
is  probable  that  normal  voltage  could  be  obtained  only  with  difficulty, 
unless  the  alternator  was  especially  designed  for  low  power  factor  service. 
The  lagging  power  factor  current  in  the  armature  sets  up  a  flux  which 
opposes  the  flux  set  up  by  the  fields,  and  in  consequence  tends  to  de» 
magnetize  them,  resulting  in  low  armature  voltage. 

It  is  often  impracticable,  without  the  installation  of  new  exciters, 
to  raise  the  alternator  voltage  by  a  further  increase  of  the  exciting 
voltage  and  current.    The  field  losses,  and  therefore  the  field  heating  ox 


IPOO  KVA.  SYNCHRONOUS 

CONDENSER  BULLY  HILL 

KENNE«^       ,2  M,LES 


TWO  £00  KW.  OCrteWIOR 


KILARC 


TWO  TfiQO  KW.  6CNCRMQt. 
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REDDING 


Pig.  2,482. — Diagram  of  a  section  of  the  Northern  California  Power  Co.'s  tx 

tern,  showing  relative  location  of  alternators  and  synchronous  condenser.  Thei  _ 
nous  condenser  is  installed  at  Kennett,  which  is  served  by  generating  stations  at 
and  Volta,  located  respectively  28  and  38  miles  from  the  point  at  which  the 
is  operated.  The  local  demand  amounts  to  about  6,500  kw.,  and  before  the  ii 
of  the  synchronous  condenser,  the  power  factor  was  about  79  per  cent,  and  after  ii 
about  96  per  cent,  while  the  voltage  at  the  point  where  the  synchronous  condenser  ifi 
stalled  is  raised  approximately  10  per  cent,  during  the  change  from  no  load  to  full  load. 
order  to  obtain  close  voltage  regulation,  a  regulator  is  used  in  connection  with  the  f . 
chronous  condenser  and  holds  the  voltage,  at  the  center  of  distribution,  within  2  per  cent. 
The  regulator  is  mounted  on  the  side  of  the  control  panel  and  connected  in  the  held  of 
the  synchronous  condenser  to  automatically  change  the  excitation  and  compensate  for 
voltage  variations.  A  graphic  demonstration  of  the  improvement  in  voltage  regulation, 
which  has  been  secured  in  this  case,  is  given  by  the  curve  drawing  voltmeter  records  repro- 
duced in  hg.  2,483. 


the  alternator,  when  it  is  delivering  rated  voltage  and  current,  arc 
greater  at  lagging  power  factor  than  at  unity.  Increased  energy  input 
and  decreased  energy  output  both  cause  a  reduction  in  efficiency. 

The  regulation  at  unity  power  factor  of  modem  alternators 
capable  of  carrying  25  per  cent,  ovex\oa&/^>a&>aa&<j  sk*safc/^^«L 
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it.  Their  regulation  at  .7  power  factor  lagging  is  about  25 
r  cent.  The  effect  of  low  power  factor  on  the  lines  can  best  be 
3wn  by  the  following  example: 

EXAMPLE. — Assuming  -  listance  of  five  miles  and  a  load  of  1,000 
lew.  and  desiring  to  deliver,  this  load  at  a  pressure  of  about  6,000  volts, 
three  phase,  with  an  energy  loss  of  10  per  cent.,  each  conductor  at  unity 
power  factor  would  have  to  be  79,200  cm.,  at  .9  power  factor,  97,633  cm., 


.ring  win 

with  syncl 


'   onou«  condenser  o 


and  at  .6  power  factor,  218,000  cm.  In  other  words,  at  the  lower  power 
factor  of  .6,  the  investment  in  copper  alone  would  be  2.8  times  as  much. 
If  the  same  size  of  wire  were  used  at  both  unity  and  .6  power  factor 
tagging,  the  energy  loss  would  be  about  2.8  times  the  loss  at  unity 
power  factor,  or  about  28  per  cent.  Low  lagging  power  factor  on  a 
system,  therefore,  will  generally  mean  limited  output  of  prime  movers; 
greatly  reduced  kilowatt  capacity  of  generator,  transformer  and  line; 
and  increased  energy  losses.    The  regulation  of  the  entire  system  "wii 
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Cost  of   Synchronous  Condenser  vs.  Cost  of   Cop] 

— Referring  to  the  example  given  in  the  preceding  paragr 
and  calculating  the  necessary  extra  investment  in  coj 
with  the  .6  power  factor  load,  and  copper  at  17  cents 
pound,  the  result  is  that  29,292  pounds  more  copper  is  requ 
than  with  the  power  factor  of  .9  which  means  a  total  extra  in\ 
ment  in  copper  alone  of  $5,000  (29,292  x  $.17),    A  synchro! 
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Pro.  2,*M.— Dingrem  «1 


normal  leva,  input  & 


of    sufficient    capacity    to    accomplish    the    si 

result  would  cost  about  the  same  amount.     It  would  there 

cost  less  to  install  the  condenser  because  at  the  same  tin: 

considerably  increased   capacity  would  be  obtained  from 

*ltem*tora,  transformers,  etc. 
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Synchronous  Condenser  Calculations. — In  figuring  on  the 
installation  of  a  condenser  for  correcting  power  factor  troubles,  a 
careful  survey  of  the  conditions  should  be  made  with  a  view  of 
determining  just  what  these  troubles  are  and  to  what  extent  they 
can  be  remedied  by  the  presence  of  aleading  current  in  the  system. 


n  order  to  auk  A 


In  each  cue  the  phaae 
pug  bob  10  me  on*k  down  point.  At  no  k 
□  *lep  when  the  field  ni  reduced  lo 

,  u  a  ayncnronoui  □ 

m  machina  win  rjrTy"  without  field  wis  with  the  deosn.  the  average  being  about  40% 
of  foil  load.  It  wUlba  BDMd  from  the  limit  of  itabilui  curve  that  the  liahter  the  load 
an  the  — ->*i~«  when  it  bnalni  down  from  lack  of  nifficjcnt  eiciUlion.  the  greater  the 
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.    .  jon  of  the  (peed  current  cur™  and  aptod  power  factor  cm  uf  a 

typical  synchronous,  and  induction  motor.  It  will  benotedthat  the  power  factor  of  (ton* 
chronous  motor  at  start  il  hitthcr  than  that  of  the  induction  motor  owing  to  the  higher  re- 
sistance of  the  sq.uirn.-l  cage  winding.  As  the  machine  approaches  aynchrDolaan,  bw- 


uctinn  motor  at  full  speed  ii  usually  25  per  cent,  of  fall  load 
chronous  motor  is  from  200  to  250  per  cent,  of  full  current, 
full  speed  and  normal  voltage.  Thiaof  course  ia  due  to  tla 
idus  machine.  The  current  at  (tart  with  full  voltafa 
induction  motor  owing  to  the  fact  that  the  total  impedaoci 
due  to  the  greater  distribution  of  the  winding*  and  the  km 

'*  -  "  very  important  consideration  in  itartinn  the  machhie. 
Lllytoaynchi '  -*•■'-  -*:"  —  "- 


i  sight  of 

nnln,rn"  be  brought  p. -.v  .-._,..- _„.,-_ 

t  thrown  on.  there  will  be  a  very  heavy  rush  of 
ODVioui  tningtoaon  to  net  tno  field  on  the  motor  while  atill  on  the  compensator,  wean 
ever  possible,  to  avoid  the  high  magnetising  current.     This  magnetudna  current  is  obn- 

torquenear  synchronism  can  be  obtained  by  short  circuiting  the  held  winding  through  taa 

eutent  and  causing  the  motor  to  have  leas  slip  with  a  given  load.  The  gain  Iron  ti» 
source  is  small,  however,  in  moat  caaea.es  the  self -inductance  of  the  held  winding  itwhajh 
ms  to  Allow  very  little  current  to  flow  even  if  the  field  be  ahort  circuited  ao  that  the  tool 

tcaranei* nearly  BurBcient,  however,  encr^Vvo^mr™^^'iWaK^^\a^j1«Mo/th»ia»»«i- 
Vonm.  ifthmtM  be  abort  clrraU«dbrfottt.ne™\ma«u«wum^yv  jjjaMfc 
•'•rtawtOTooe.ndan  increase  mOTrrenttrcm^W.^JwS^^^^wajMtoa— 
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It  is  necessary  to  possess  a  thorough  knowledge  of  the  system, 
vering  the  generating  capacity  in  energy  and  kva.,  average  and 
urimurn  load,  and  power  factor  on  the  alternators,  average  and 
utimum  load,  and  power  factor  on  the  feeders,  system  of  dis- 
button,  etc 

The  desirable  location  of  a  condenser  is,  of  course,  nearest  the 
ductive  load  in  order  to  avoid  the  transmission  of  the  wattless 


irrent,  but  it  often  happens  that  a  system  is  so  interconnected 
at  one  large  condenser  cannot  economically  meet  the  conditions, 

which  case  it  may  be  better  to  install  two  or  more  smaller  ones. 

The  question  of  suitable  attendance  should  also  be  considered 
id.  for  this  reason,  it  may  be  necessary  to  compromise,  on.  tias 
*mtrtv     Wbea  the  location  o£  the  condenser  baa  TpQBP  §Sf3f 
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upon  and  the  load  and  power  factor  within  its  zone  determin 
the  proper  size  of  condenser  to  raise  the  power  factor  to  a  gr 
value  can  be  found  as  follows: 

The  method  of  procedure  can  best  be  explained  by  reference  t 
concrete  case.  Assume  a  load  of  450  kw.  at  .65  power  factor.  I 
desired  to  raise  the  power  factor  to  .9.  What  will  be  the  rating  of 
condenser? 
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450  KW. 
Fie.  2,488. — Diagram  for  synchronous  condenser  calculations. 

Referring  to  the  diagram,  fig.  2,488,  it  is  necessary  to  start  with i 
kw.    At  .65  power  factor,  or  692  kva.,  this  has  a  wattless  lagging  a 

ponent  of  V  692* -450* =525  kva.    With  the  load  unchanged  and 
power  factor  raised  to  .9,  there  will  be  500  apparent  kva.,  which  willh 

a  wattless  component  of  V5002+450*-218  kva. 

It  is  obvious  that  the  condenser  must  supply  the  difference  bet* 
525  kva.  and  218  kva.,  or  307  kva.  A  300  kva.  condenser  TO 
therefore,  meet  the  requirements. 

If  it  be  desired  to  drive  some  energy  \oaA  -mMi  the  condenser . 
still  bring  the  total  power  factor  to  ^^ptoob^baVx^ob^j^^^^! 
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e  a  total  load  of  150  kw.  on  the  motor.    As  before,  450  lew.  at 
ver  factor,  or  602  kva.,  with  a  wattless  component  of  525  kva. 

energy  load  will  be  increased  from  450  to  600  lew.  as  indicated, 
th  the  power  factor  raised  to  .9  there  will  be  a  kva.  of  667  with  a 

s  component  of  V667,-f600"-291. 

re  must  be  supplied  525  —  291 —  234  in  leading  kva. 

synchronous  motor  then  must  supply  150  kw.  energy  and  234 

rattless,  which  would  give  it  a  rating  of  V 160*  4-234* =278  leva. 
power  factor. 


450  KW. 


150  KW. 


Kagram  for  synchronous  condenser  calculation  for  cases  where  it  is  desired  to 
s  energy  load  with  the  condenser  and  still  bring  the  total  power  factor  to  .9. 

standard  300  kva.  condenser  would  evidently  raise  the  power 
slightly  above  .9  power  factor  leading. 

reference  to  the  chart,  fig.  2,490,  the  size  of  the  required  condenser 
;  obtained  direct  without  the  use  of  the  above  calculation.  The 
d  of  using  this  curve  is  as  follows:  Assume  a  load  of  say  3,000  kw. 
K>wer  factor  and  that  it  be  desired  to  raise  the  power  factor  to  .9. 
p  the  vertical  line  at  3,000  kw.  to  the  .7  power  factor  line,  and  from 
along  the  horizontal  line  to  the  margin  and  find  a  wattless  com- 
t  at  this  power  factor  of  3,000  kva.,  approximately.  Again  run 
1 3,000  kw.  vertical  Vine  to  the  .9  power  factor  line  and  from  there 
the  horizontal  line  to  the  margin  and  find  a  mtttal*  CttOQ$iQftM& 
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of  1,600 leva.  The  rating  of  the  condenser  will  then  be  3,000 kva.-.,. _. 
kva.=  1,500  leva.  This  table  of  course  can  be  used  for  hundreds  of 
kilowatts  as  welL 

For  determining  the  rating  of  a  synchronous  motor  to  drive  an  energy 
load  this  curve  is  not  so  valuable,  although  it  can  be  used  in  determining 
the  wattless  component  direct  in  all  coses  where  the  energy  component 
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energy  load  to  Apparent  load  and  wattles  en 


and  power  factor  are  known.     Knowing  this  energy  component  and 

Kwer  factor  or  wattless  component,  the  energy  load  can  obviously  tx 
ind  by  referring  to  the  curved  lines  on  the  diagrams,  the  curve  that 
crosses  the  junction  of  the  vertical  energy  line  and  the  power  factor  « 
wattless  component  line  giving  the  total  apparent  kva. 
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CHAPTER  LXII 


INDICATING  DEVICES 


^mating  current  ammeters  or  voltmeters  indicate  the 
U  values  of  the  current  or  pressure  respectively,  that  is  to 
they  indicate,  the  square  root  of  the  mean  square  of  a  variable 
ity. 

MAXIMUM  VALUE 


491. — Line  curve  of  alternating  current,  illustrating  various  current  or  pressure  values. 
he  virtual  value,  or  .707  X  maximum  value,  is  the  value  indicated  by  an  ammeter  or  volt- 
eter.  Thus,  if  the  maximum  value  of  the  current  be  100  volts,  the  virtual  value  as  indi- 
tted  by  an  ammeter  is  100  X.707—  70.7  amperes. 

be  virtual  value  of  an  alternating  current  or  pressure  is 
valent  to  that  of  a  direct  current  or  pressure  which  would  produce 
tame  effect. 

For  instance  an  alternating  current  of  10  virtual  amperes  mW.pTO&uab 
the  same  beating  effect  as  10  amperes  direct  current. 
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The  relation  of  the  virtual  value  of  an  alternating  c 
the  other  values  is  shown  in  fig.  2,491.  When  the  curre 
the  sine  law,  the  square  root  of  the  mean  square,  val 
sine  functions  is  obtained  by  multiplying  their  maxim 
byl-r-  V£,  or  .707. 

The  word  effective  is  commonly  used  erroneously  to 
even  among  the  best  writers  and  the  practice  canni 
strongly  condemned",  f     The   difference   between   th 


Pig.  2,492. — Wagner  tubi 

illustrated  in  Guide  No.  5,  page  1,013,  fig.  1,237,  the  m 
analogy  here  given  may  make  the  distinction  more  ma- 
in the  operation  of  a  steam  engine,  there  are  two  presstm 
the  piston: 

1.  The  forward  pressure; 

2.  The  back  pressure. 

The  forward  pressure  on  one  side  of  the  piston  is  that  due 
steam  from  the  trailer,  and  the  backpressure,  on  the  other  sit 
to  the  resistance  or  opposition  encountered  by  the  steani  as 
from  the  cylinder. 

In  order  that  the  engine  may  run  and  do  external  work,  i 
that  the  forward  pressure  must  be  greater  than  the  back  pi 

"NOTE. — 1  adhere  to  the  term  virtual.  Ha  it  was  in  use  before  the  terra 
was  recommended  in  188S  by  the  Paris  Congress  to  denote  the  squall  tool  of-mra 
The  corresponding  English  adjective  is  efficacious,  but  some  engineers  mistra: 
the  word  tfectne.  I  adhere  to  the  term  virtual  mainly  because  effective  is  r 
usual  meaning  in  kinematics  to  represent  the  resolved  part  ol  a  force  which  act 


;   for  instance,  i 

a  ntaneocistiire,  tho  term  e&eMive  csmeM*  owl  tor  the  fan 

soman,  that  it  tin  gtmmm  fagnMd  an  M  ttoettW  daw*. 
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it  follows  that  the  pressure  available  to  run  the  engine  is  the  difference 
between  these  two  pressures,  this  pressure  difference  being  known  as 
the  effective  pressure,  that  is  to  say 

effective  pressure —forward  pressure —back  pressure 

Thus,  electrically  speaking,  the  effective  voltage  is  that  voltage  which 
is  available  for  driving  electricity  around  the  circuit,  that  is, 

effective  volts  =  virtual  volts  —  back  volts 

=  virtual  pressure  —  (virtual  pressure  —  drop) 

In  the  case  of  the  steam  engine,  the  forward  pressure  absolute,  that 
is, measured  from  aperfect vacuum  is  the  virtual  pressure  (not  consider- 
ing the  source).  The  back  pressure  may  vary  widely  for  different  con- 
ditions of  operation  as  illustrated  in  figs.  2,493  and  2,494. 


fa-2,493  and  2.494. — Steam  engine  indicator  cards  illustrating  in  mechanical  analogy,  the 
Bfctm  of  the  term  effective  as  applied  to  the  pressure  of  an  alternating  current.  The 
card  fit;.  2.403,  represents  the  performance  of  a  steam  engine  taking  steam  at  60  lbs.  (gauge) 
Iffe&u  e  a..d  exhausting  into  the  atmosphere.  The  exhaust  line  being  above  the  atmoe- 
Pfamc  line  shows  that  the  friction  encountered  by  the  steam  in  flowing  through  the  exhaust 
PI*  produces  a  back  pressure  of  two  lbs.  Hence  at  the  instant  represented  by  the  ordinate 
y.  the  effective  pressure  is  60  —  2  -  68  lbs.,  or  using  absolute  pressures,  74.7  -  16.7  -  58 
it*-,  the  virtual  pressure  being  60  lbs.  gauge,  or  74.7  lbs.  absolute.  Now,  the  back  prea- 
**t  may  be  considerably  reduced  by  exhausting  into  a  condenser  as  represented  by  the 
card.  fig.  2,494.  Here,  most  of  the  pressure  of  the  atmosphere  is  removed  from  the  ex- 
taut.  and  at  the  instant  y,  the  back  pressure  is  only  6  lbs.,  and  the  effective  pressure 
74.7-6-68.7  lbs.  Thus,  in  the  two  cases  for  the  same  virtual  pressure  of  60  lbs. 
Page  or  74.7  lbs.  absolute,  the  effective  pressures  are  58  lbs.  and  68.7  lbs.  respectively. 


In  the  measurement  of  alternating  current,  it  is  not  the  aver- 
•ft  or  maximum  value  of  the  current  wave  that  defines  the 
:Qtofent  commercially,  but  the  square  root  of  the  mean  square 
'^  because  this  gives  the  equivalent  heating  effect  referred 
» direct  current.  There  are  several  types  of  instrument  for 
^fctturinj'  alternating  current,  and  they  may  be  dass&&&  fc& 
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1.  Electromagnetic  (moving  iron); 

2.  Hot  wire; 

3.  Induction; 

4.  Dynamometer. 

Electromagnetic  or  Moving  Iron   Instruments.—' 

type  of  instrument  depends  for  its  action  upon  the  pull  of 


Pig.  2.496.— A  em  libra  ted  « 

itntrumen  t  has  its  scale  i 

even  though  the  scales  e 


in  endeavoring  to  reduce  the  reluctance  of  its  path.  This 
is  proportional  to  the  product  of  the  flux  and  the  current, 
so  long  as  no  part  of  the  magnetic  circuit  becomes  saturi 
the  flux  is  proportional  to  the  current,  hence  the  pull  is 
jxational  to  the  square  o£  the  cutreiAto^ioftasDred. 
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.    What    are    some    objections    to    moving    iron 


Instruments  of  this  type  are  not  independent  of  the  frc- 
,  wave  form,  or  temperature  and  external  magnetic  fields 
5ect  the  readings  temporarily. 


re. are  several  forms  of  moving  iron  ammeters,  which  may 

.sified  as 

lunger; 

lclined  coil; 

Magnetic  vane. 
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Ques.    Describe  the  plunger  type. 

Ans.  This  type  of  ammeter  consists  of  a  series  coil  an 
soft  iron  plunger  forming  a  solenoid,  the  plunger  is  so  suspen 
that  the  magnetic  pull  due  to  the  current  flowing  through 
coil  is  balanced  by  gravity,  as  shown  in  fig.  2,497. 

Ques.  How  should  the  plunger  be  constructed 
adapt  it  to  alternating  current,  and  why? 

Ans.     It  should  be  laminated  to  avoid  eddy  currents. 


Fie.  2,407.— One  form  of 


«r» 


s.    It  kas  s<  ow'ij  a 


it  shaped  piste  I  pivoted  on  a  'horizontal  spindle  S  ranoi 
pindlc  S  19  also  attached  a  light  pointer  P  and  a  lifjtl' 


W,  bent  ai  shown,  anrl  carrying  a  light  piston  D.  which  wortti  in  a  ci 
This  tube  T  is  closed  at  the  end  B.but  fully  open  ai  the  cither  A.  ar 


Ques.    What  is  the  character  of  the  scale  and  b 
should  it  be  constructed? 

Ans.     The  scale  is  not  uniform  and  should  be  hand  ro 
and  calibrated  under  the  conditions  which  it  is  to  be  used. 
Ques.    What  is  the  objection  to  moving  iron  ammete 
Ans.     Since  the  coil  carries  the  entire  current  they  are  If 
ond  expensive. 
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.    What  precaution  should  be  taken  in  installing 
;  iron  ammeters? 

Since  gravity  is  the  controlling  force,  the  instrument 
ye  carefully  levelled. 

•    Describe  an  inclined  coil  instrument. 

It  consists  of  a  coil  mounted  at  an  angle  to  a  shaft 
;  the  vane  and  pointer,  as  shown  in  fig.  2,498.  A  spring 
le  controlling  force  and  holds  the  pointer  at  zero  when 
nt  is  flowing. 


PIVOT 


POINTER 


COIL 


PIVOT 


-Inclined  coil  form  of  electromagnetic  or  moving  iron  instrument. 


.   What  is  the  principle  of  operation  of  the  inclined 
(rumen  t? 

When  a  current  is  passed  through  the  coil,  the  iron 
» take  up  a  position  with  its  longest  sides  parallel  to  the 
force,  which  results  in  the  shaft  being  rotated  and  the 
moved  on  the  dial,  the  amount  of  movement  depending 
b  strength  of  the  current  in  the  coil. 

.    Describe  a  magnetic  vane  instrument. 

It  consists  of  a  smail  piece  of  soft  iron  or  Dane  TOGtaxft£& 
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\  }-  PIVOT 
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cm  a.  shaft  that  is  pivoted  a  little  off  the  center  of  a  coil  as  shown 
in  fig.  2,499,  and  carrying  a  pointer  which  moves  over  a  scale. 

Ques.    How  does  it  work? 

Ans.  Its  principle  of  operation  is  that  a  piece  of  soft  iron 
flood  in  a  magnetic  field  and  free  to  move,  will  move  into  such 
fention  as  to  conduct  the  maximum  number  of  lines  of  force. 
the  current  to  be  measured  is  passed  around  the  coil,  produc- 
ing a  magnetic  field  through  the  center  of  the  coil.  The  mag 
nttie  field  inside  the  coil  is  strongest  near  the  inner  edge, 
lirace,  the  vane  will  move  against  the  restraining  force  of  a 
spring  so  that  the  distance  between  it  and  the  inner  edge  of 
the  coil  will  be  as  small  as  possible. 


A_          fi 

.     O'- 

3r""~~~~-~i-- 
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c*                  ^-~^-i'- 

<t  fotM.      The 

Mil  N.  wtai .._ 

Ihmia,    The  effect  of  the  Held  upon  Ihe  plunger 

maf  Icra,  tint 

'  Usee  punng  through  it  wil 


up  tu  indicated  by  Che  < 
ftted  by  the  arrow  ir.du 


a  dirtctioi 


.  .._. ....  -... if  ABCD  betl 

gjgtn  onhf  Ave  li»  of  force  pen  through  it:  abould  it  movi 

The  operation  of,  moving  iron  instruments  of  the  plunger  type  may  be 
explained  by  saying  that  the  current  flowing  in  the  coil  produces  a  pole 
ttOaeodtod  induces  an  unlike  poJeat  the  end  of  the  pVirajH  tokR£\ 
thecal,  thus  attracting  the  plunger,  as  illustrated  in  fia.a.HJl  a\»vt. 
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Hot  Wire  Iiwtn 

— Instruments  of  t 
depend  for  their  c 
on  the  expansion  i 
traction  of  a  fine  1 
rying  either  the  ex 
be  measured  or  a 
proportion  of  that  i 

The  expansion  or 
tion  of  the  wire  i; 
by  temperature 
which  in  turn  are  di 
heating  effect  of  the 
flowing  through  the 

Since  the  variatio 
length  of  the  wire 
tremely  small,  con 
magnification  is  n 
Pulleys  or  levers  a 
times  used  to  mul' 
motion,  and  somet: 
double  sag  arra 
shown  in  fig.  2,504. 


rent  to  be  mea 
stretched  between 
nals  T  and  1".  I 
taut  at  its  tniddl 
another  wire  C, 
ries  no  current, 
in     its    turn,     k 
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the  pointer  spindle,  the  whole  system  being  kept  in  tension  by  the 
spring  E. 

Hot  wire  instruments  are  equally  accurate  with  alternating  or  direct 
current,  but  have  cramped  scales  (since  the  deflection  is  proportional  to 
the  square  of  the  current),  and  are  liable  to  creep  owing  to  unequal 
expansion  of  the  parts.  There  is  also  the  danger  that  they  may  be 
burnt  out  with  even  comparatively  small  overloads.  They  are  not 
affected  by  magnetic  fields  but  consume  more  current  than  the  other 
types,  these  readings  are  inaccurate  near  either  end  of  the  scale. 


J*.  3JS04. — Diagram  illustrating  the  principle  of  hot  wire  instruments.  The  essential  parts 
«« the  active  wire  A.  stretched  between  terminals  T  and  T',  tension  wire  C,  thread  E,  and 
Pulley  D  to  which  is  attached  the  pointer. 


Induction  Instruments. — These  were   invented  by   Fer- 
i,  and  are  sometimes  called  after  him.    They  are  for  alter- 
■poting current  only,  and  there  are  two  forms: 

1.  Shielded  pole  type; 

2.  Rotary  field  type. 
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Ques.    Describe  the  shielded  pole  type  of  indt 
instrument. 

Ans.    As  shown  in  figs.  2,505,  and  2,503  it  consists, 
tially  of  a  disc  A,  or  sometimes  a  drum  and  a  laminated  n 
B.   Covering  some  two-thirds  of  the  pole  faces  are  two  < 
plates  or  shields  C,  and  a  permanent  magnet  D. 


LAMINATED 
MAGNET 


PERMANENT 
MAGNET 


SHIELD 


Pigs.  2.505  and  2,506. — Plan  and  elevation  of  shielded  pole  type  of  induction  instron 


Ques.    How  does  it  work? 

Ans.     Eddy  currents  are  induced  in  the  two  copper  pk 
shields  C,  which  attract  those  in  the  disc,  producing  in 
quence  a  torque  in  the  direction  sWmv  V$  "Cafe  wrcra  N  * 
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he  opposing  action  of  a  spring.   Magnet  D  damps  the  oscillations. 


1 2.507. — Diagram  showing  construction  and 

a  primary  and  a  secondary,  or  induced  current.  As  shown  in  the  diagram,  the  instrument 
embodies  the  principle,  of  a  short  circuited  transformer,  consisting  of  a  primary  or  editing 
coil  A,  a  secondary  or  closed  coil  B,  linked  in  inductive  relation  to  the  primary  by  a  lam- 
iuled  iron  core  C,  constructed  to  givr  a  complexly  c.'oswi  magnetic  circuit,  that  is.  with. 

hi  nnder  the  influence  of  their  mutual  repulsion  when  the  primary  is  traversed  by  an 
alternating  current.  This  movement  of  the  secondary  B  is  opposed  by  a  spiral  spring,  so 
that  the  extent  of  movement  will  be  dependent  upon  and  will  indicate  the  strength  of 
the  primary  current.    To  increase  the  sensitiveness  of  the  instrument  and  also  to  adjust 

the  coil  8.  is  provided  upon  the  core.  The  effect  ol  this  coil  is  inversely  proportionalto 
its  distance  from  the  end  of  the  swing  of  the  coil  B.    The  vane,  E,  which  it  a  part  of  the 


poles  of  _„ _-, 

element,  but  does  not  cause  any 

F,  Hint  that  of  a  transform!    ... 
"      ""  '         '  a  will  wiibttaad  several  hundred  per  cent.  oferiaao.  tor  «on* 


became  at  the  very  high  value  of  t 
ifaXin  Or  arvmt  mud  therefore 


cannot  burn  off. 


dred  pet  cent.  overtoaA  lor  somtMM 
and  the  fact  that  the  oartjti&^«OT">u 
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es.    Describe   the  rotary  field   type   of   Induction 
ument. 

k     The  parts  are  arranged  similar  to  those  of  wattmeters, 
split  phase  being  produced  by  dividing  the  current 
one  inductive  and  the  other  non-inductive. 


in  tic*  to  bo  used. 


namometers. — This  type  of  instrument  is  used  to  n 

,  amperes,   or  watts,  and  its  operation  depends  on  the 

ion  between  two  coils  when  the  current  to  be  measured 

ssed  through  them.    One  of  the  coils  is  fixed  and  the  other 

ihle. 

jes.    Describe  the  construction  of  a  dynamometer. 

is.  It  consists,  as  shown  in  fig.  2,513,  of  a  fixed  coil,  composed 
number  of  turns  of  wire,  and  fastened  to  a  vertical  sunoort. 
Sized  coil  is  surrounded  by  a  movable  CCj51  COm\>C&e&  rf 
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TORSION  HEAD 


TERMINAL    { 
Qnmv 


TERMINAL 


Pig.  2,513. — Diagram  of  Siemens'  dynamometer.    It  consists  of  two  coils  on  a  commo 

but  set  in  planes  at  right  angles  to  each   other  in  such  a  way  that  a  torque  is  pre 

between  the  two  coils  which  measures  the  product  of  their  currents.    This  torque  is 

ured  by  twisting  a  spiral  spring  through  a  measured  angle  of  such  degree  that  the  coi 

resume  their  original  relative  positions.     When  constructed  as  a  voltmeter,  botl 

are  wound  with  a  large  number  of  turns  of  fine  wire,  making  the  instrument  sensi 

small  currents.    Then  by  connecting  a  high  resistance  in  series  with  the  instrument 

be  connected  across  the  terminals  of  a  circuit  whose  voltage  is  to  be  measured. 

constructed  as  a  wattmeter,  one  coil  is  wound  so  as  to  carry  the  main  current  a 

other  made  with  many  turns  of  fine  wire  ot  n\gh.  Ttstaax&e  suitable  for  connecting 

the  drew  t* 
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nberof  turns  or  often  of  only  one  tarn  of  wire.  The  movable 
suspended  by  a  thread  and  a  spiral  spring  attached  to  a 
bead  which  passes  through  the  center  of  a  dial.  The 
f  the  movable  coil  dip  into  mercury  cups,  which  act  as 
and  electrical  contacts,  making  connection  with  one  end 
fixed  coil  and  one  terminal  of  the  instrument  as  shown, 
rtion  head  can  be  turned  so  as  to  place  the  planes  of  the 


t  right  angles  to  each  other  and  to  apply  tortion  to  the 
to  oppose  the  deflection  of  the  movable  coil  for  this 
n  when  a  current  is  passed  through  the  coils.  A  pointer 
•d  to  the  movable  coil  indicates  its  position  on  the  grad-  j 
dial  between  the  two  stops.  Another  pointer  attached  to 
■uon  head  performs  a  similar  function. 
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8.    How  does  the  dynamometer  operate? 

When  current  is  passed  through  both  coils,  the  movable 
deflected  against  one  of  the  stop  pins,  then  the  tortion 
i  turned  to  oppose  the  movement  until  the  deflection  has 
rercome  and  the  coil  brought  back  to  its  original  position. 


HAWKINS  ELECTRICITY 


efdutq. 

The  illustration  shorn  a  inltmmcr,  whk 

fa  the  came  oft  wattmeter  the  fined  totta  ar ..._ 

-b  *  current  tranafcrcmer,  -while  tv.ii  ova™*  oii.\a  mesucMd.  in 
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;le  through  which 
rtion  head  was 
being  proportional 
square  root  of  the 
E  tortion,  the  cur- 
mgth  in  amperes  is 
i  the  square  root  of 
le  of  tortion  mulli- 
V  a  calculated  con- 
urnished  by  the 
it  the  instrument. 

l  How  Is  the  dy- 
ueter  arranged  to 
re  watts? 

When  measuring 
the  instrument 
be  so  arranged  that 
u  carries  the  main 
;,  and  the  other  a 
•urrent  which  is  pro- 
lal  to  the  pressure. 

M.  In  the  con- 
Son  of  a  dyna- 
eter  what  material 
d  not  be  used  and 


dune  aith  pritislrjii  l.y  The-  niantlfm-tunf  uikI  a 
rtflifintt  RivmK  tin-  i-;iluclif  the  constant  is  fuf- 
ni5hi.il  with  ihtTinsminu-iii,   The  iluinil  coitol 

<ivTi..Ti:-,ni,t.T'i  [,.i>i<1:>-  increas*  with  the  mo   ' 


i.     No  iron  or  other        wwmww. 

ttic  material    should 

iploycd  because  of  the  hysteresis  losses  occasioned  thereby. 

rame  should  l>c  of  non-conducting  material  so  as  to  avoid 

currents. 
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Pigs.  2.S2D  lu  2,520. — Vorioi 

Us.  2.521,  horiioatal  edgewise  type;  fig.  2,5 
able  type;  fie.  2.S24,  conl-iiimtion  mAwiiiA 
trvi  Sg.  2,428,  polyphase  type. 
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Watt  Hour  Meters. — A  watt  hoar  meter  is  a  watt  meter 
hat  will  register  the  watt  hours  expended  during  an  interval 
>f  time.  Watt  hour  meters  are  often  erroneously  called  recording 
t  integrating  watt  meters. 

There  are  several  types  o£  the  electromotor  form  of  watt  hour 
meter,  which  may  be  classified  as 


ton  tingle  phase  MtttnoMf.    The  Kencral  appearand)  of  the  rlynamo- 
d  the  relative  position  of  tin;  i-moui  pjits  r.r^  i  li'irly  shown.    Ths 

ig  is  made  up  of  two  coils,  which  tiiftrtW  dnAwi^i  ^\4 


with  earl  out) 
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Pic.  2.628  —  WestinHhousealnalephaaelnd  action  tjrnei 
The  friction  compensation,  or  light  load  adjust 

thus  produce  a  alicht  torqui 

possible.  It  is  clamped  when  adjusted  by  means  of  a 
This  method  makes,  possible  an  accuracy  of  adjustment  > 
The  power  factor  adjustment  consists  of  an  adjuiUb 
the  shunt  pole  tip.    This  is  adjusted  at  the  factory  by 

auencj  adjuarment.  133  cycle  meters  are  first  calibrated  otToO  cycles  and  the 
tb=a  untwisted  to  make  them  comet  on  1S3  tvtVe*.  To  c!e*o«s  such  a  meter  for  u 
00  eyelet  it  is  necessary  only  V)  m«ntt  tlioaa  leana  Vi  ilui  wtas.  iOKwoAr,  >iis»  « 


.rovided  for  adjusting  the  position  of  the 
back  more  of  the  flu*  than  the  other  loop 

entirely  indenendent  ofthe  load.     Adjust 

-  '■— T^i^.-k,   ...*<»■  micrometer  adjust 


5sS 
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1.  Commutator  type; 

2.  Induction  type; 

3.  Faraday  disc  type. 

Ques.    What  are  the  essential  parts  of  a  watt  hour 
meter? 

Ans.     A  motor,  generator,  and  counting  mechanism. 


Pic.  1,529. — Pointer  and  movable  .system  of  Weston  wattmeter.  The  cod  is  described 
in  fig.  2.527.  The  pointer  .consists  of  a  triangular  truss  with  tubular  members,  an  index 
tip  of  very  thin  .metal  being  mounted  at  its  extremity.  The  index  tip  is  reinforced 
by  a  rib  stamped  into  the  metaL  The  pointer  is  permanently  joined  to  a  balance  cross, 
mi.UtiTig  of  a  flat  center  web,  provided  with  two  short  arms  and  one  long  arm,  each 
arm  carrying  a  nut  by  means  of  which  the  balance  of  the  system  may  be  adjusted. 
The  longest  arm,  which  is  opposite  the  pointer,  carries  a  balance  nut,  consisting  of  a  thin 
walled  sleeve  provided  with  a  relatively  large  flange  at  its  outer  end.  The  sleeve  is  tapped 
with  272  threads  to  the  inch,  the  internal  diameter  of  the  sleeve  being  made  slightly  smaller 
than  the  outside  diameter  of  the  screw,  and  the  sleeve  is  split  lengthwise;  therefore  when 
sprung  into  place  and  properly  adjusted  it  will  remain  permanently  in  position.  A  sleeve 
which  is  forced  over  the  end  of  the  staff  carries  the  pointer  firmly  clamped  between  a 
flanged  shoulder  and  a  nut.  By  perforating  the  webb  plate  of  the  balance  cross  with  a 
hole  having  two  flat  svk*s  that  fit  snugly  over  a  similarly  shaped  portion  of  the  sleeve, 
the  pointer  is  given  a  definite  and  permanently  fixed  angular  position.  The  air  damper 
consists  of  two  very  light  symmetrically  disposed  vanes,  which  are  enclosed  in  chambers 
made  as  nearly  air  tight  as  possible.  These  vanes  are  formed  of  very  thin  metal  stiffened 
by  ribs,  stamped  into  them  and  by  the  edefes,  which  are  bent  over  to  conform  to  the  surface 
of  the  aide  wal Is  of  the  chambers.  They  are  attached  by  metal  c yelets  to  a  cross  bar  carried 
on  a  sleeve  similar  in  construction  to  the  one  at  the  upi>er  end  of  the  staff.  This  cross 
bar  is  held  in  place,  by  a  nut,  and  is  provided  at  the  center  with  a  hole  having  two  flat 
sides,  being  similar  in  Shape  to  the  one  in  the  balance  cross.  This  hole  likewise  fits  over  a 
sleeve  and  definitely  locates  the  vanes  with  reference  to  the  other  parts  of  the  system. 
The  damper  bos  is  cast  in  one  piece  to  form  the  base  that  carries  the  field  coils  and  the 
movable  system. 

Ques.    What  is  the  function  of  the  motor? 

Ans.    Since  the  motor  runs  at  a  speed  proportional  to  >&i 
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::<  -.:;.  i  ■;■  -- iiv.  ilmiiu  ':  l1:>'  cirvuil,  it  drives  the  counting  :i:iC^'. 
s::i;iL  i!:i ■ :  r  »;■>  r.j-nM  (•■inilU-:itt-t!u,ui:]uuii1  niVin.'r^yvor.^i;:!. -i 
Uui's.     What  is  thv  object  of  the  generator? 


INDICATING  DEVICES 


1,803 


Ques.    Is  there  any  other  resistance  to  be  overcome  by 
the  motor? 

Ans.     It  must  overcome  the  friction  of  all  the  moving  parts. 

Ques.    Is  the  friction  constant? 
Ans.    No. 

START       ♦ 
i  PERIOD  o      - 
{  PERIOD  - 
I  PERIOD  o 


RJLLPERIOI 


SHUNT- 


SHUNT 
ELEMENT 


2.531  to  2JSn.~Diagram  of  electro-magnetic  circuit  of  Wcstinghouse  induction  type 
_iglt  hour  meter,  and  diagram  showing  rotation  of  field.    The  dotted  lines  show  the  main 
pf*ii»  of  the  magnetic  flux  produced  by  the  two  windings,  the  directions,  however,  are 
~*r  reversing  owing  to  the  alternations  of  the  current  in  the  coils.    Denoting  the 
i  eeriee  pole  tips  by  the  letters  as  shown,  a  clear  statement  of  the  relation  of  the 
for  each  quarter  period  may  be  given.    The  signs  +  and  —  represent  the  instan- 
vahies  of  the  poles  indicated.    Thus,  at  one  instant  the  shunt  pole  tips  A,  C,  and 
am  -f*»  — •  and  +•  respectively  because  the  instantaneous  value  of  the  current 
while  the  value  of  the  series  flux  is  zero.  At  %  period  later  the  shunt  current 
giving  aero  magnetic  pressure  at  the  pole  tips,  while  the  scries  current  has  reached 
value,  giving  maximum  —  and  +  at  the  pole  tips  B  and  D.    At  the  next  ^£ 
the  shunt  current  is  again  maximum,  but  in  a  direction  opposite  to  what  it  was 
;  making  the  pole  tips  A,  C.  and  Ai  +.  — .  and  +.  respectively,  while  the 

_sin  is  tero,  etc,  the  values  for  the  complete  cycle  being  given  in  fig.  2.533. 

It  will  be  obaarvcri  from  the  table  that  both  the  +  and  —  signs  move  constantly  in  the 
fcion  from  Ai  to  A,  indicating  a  shifting  of  the  field  in  this  direction,  the  process  being 
ted  during  each  cycle. 


Ques.    What  provision  is  made  to   correct   the   error 
hie  to  friction? 

Ans.     Thw  meter  is  compensated  by  exciting  an  adjustable 
ttxiliary  field  from  the  shunt  or  pressure  circuit. 

Ques.    What  is  the  construction  of  the  feeneraXwrt 
Ans.    In  nearly  all  meters  it  consists  of  a  copper  ot  ajorccflsoasc 
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.DISCS  OF  BILLIARD 
CLOTH,  SOAKED  IN 

JEWELERS' OIL. 


m  vertical  petition,  and  is  subject  to  virtually  no 
It  congiiU  ot  ■  steel  pin  fastened  Id  a  .emavab\e  — 
ur  in  a  raOCBt  drilled  in  the  shaft.    The  bottom,  al 


disc  carried  on  the 
same  shaft  with  the 
motor  and  rotated  in 
a  magnetic  field  of 
constant  value. 

Ques.  How  to  the 
counter  torque 
produced? 

Ans.  When  the  disc 
is  rotated  in  the  mag- 
netic field,  eddy  cur- 
rents are  induced  in 
the  disc  in  a  direction 
to  oppose  the  motion 
which  produces  them. 

Ques.  For  what 
services  is  the  com- 
mutator type  meter 
used? 

Ans.  It  is  used  on 
both  direct  and  alter- 
nating current  cir- 
cuits. 


bearings  of  Wettinjbouae  induction  typo  mm  boar 
ry  highly  polished  and  hardened  steel  ml 
i  fised  in  the  end  of  the  bearing  screw  and  tht 
end  of  the  shaft.  Owing  to  the  minuU  fynv 
n,  which  not  only  makes  ■  lower  friction  ee- 
presents  constantly  new  bearing  surfaces  SB* 

.  L  „, EC  , :.-  _  ^  ^  .^ftj, 

■tly  little  frictJsi. 


irojeciinadi 
•.»«£!  ni 
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Ques.    What  is  the  objection  to  the  commutator  meter? 

Ans.  The  complication  of  commutator  and  brushes,  and  the 
act  that  the  friction  of  the  brushes  is  likely  to  affect  the  accuracy 
>f  the  meter. 


uadisture    with  the  shunt  held. 


Ques.    What  are  Its  characteristics  r 

Ans.    It  is  independent  of  power  factor,  'wave  loscc^  «s\£ 
vgoeocy  whennohxm  is  used  in  the  motor. 
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Ques.    What  meter  Is  chiefly  used  on  A.  G.  circuits? 

Ans.    The  induction  meter. 


Principles    of    Induction    Watt    Hour    Meters. — Every 
commercial  meter  of  this  type  is  made  up  of  a  number  of  elements, 


le  bottom  of  the  m 


Pic.  2.537.— Fort  Wayne  multiphase  induction  watt  hourmeter.  The  mm 
mechanism  is  cainliaily  nm  tinzU  pkase  molar  tlcmaai,  one  it  the  bi 
in  a  suitable  position,  the;  other  inverted  and  placed  at  the  top  of  the  meter.  Kacts  «Msaan 
acts  on  a  separate  cup,  but  both  cups  are  mounted  on  a  angle  abaft  so  that  the  REUtntn 
is  due  to  the  resultant  torque  of  the  two  elements.  The  meter  is  pmvidod  with  three  sap 
porting  lugs,  the  one  at  the  top  being  keyholed  and  one  of  the  bottom  two.  slotted  to  faofr 
tnteieveUr-g.  TbaretU Iterlng  mecbsnJsm ismountedona castiron bucket »tthemidd> 
of  the  meter  between  the  two  motor  elements.  Tt*  souoortraji  bracket  ia  attached  totte 
meter  bite  by  two  screws  and  aligned  by  Wo  oime\  v™>-.  ■J0"3***"  mi  of  the  fan  dial 
type,  reading  in  kilowatt  hours.    Each  &r™«m  ol  ft«  wftAW^  ™g*.  nt  »»jjstjl 

"i  ~*J-fi  rim  if  isj  niilji  s— if  In  »r1J  *"  *J 
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scribed  below.  Each  of  these  elements  and  parts  has  certain 
notions,  and  each  is  therefore  necessary  to  the  successful  oper- 
ion  of  the  meter;  moreover,  each  element,  unless  correctly  de- 
gned,  may  introduce  a  source  of  inaccuracy.  These  elements  are: 

1.  The  field  producing  element; 

2.  The  moving  element; 

3.  The  retarding  element; 


UNE 

n  umo 

- 

<  »               (  ' 

* 

UN£ 

'LOAD 

J 

'     (              1     « 

— » 

UNC 


r-*-^ 


LOAD 


Pigs.  2,53  i  to  2.541. — Connection*  of  Port  Wayne  multi-phase  watt  hour  meters  (type  k* — 
forms  MAB  and  MAK).  for  100-625  volt  circuits.  5-150  amperes.     Fig.  2.538  two  and 
three  phase,  three  wire  circuit,  25-36  cycles;  hg.  2.539  two  and  three  phase.  3  wire  circuit, 
96  cycles  and  above;  hg.  2.540.  two  phase  4  wire  circuit,  25-36  cycles;  fag.  2,541  two  phase, 
4  wire  circuit  36  cycles  and  above. 

4.  The  registering  element; 

5.  The  mounting  frame  and  bearings; 

6.  The  friction  compensator; 

7.  The  power  factor  adjustment; 

8.  Frequency  adjustment; 
flL  The  case  and  cover. 
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1.  The  Field  Producing  Element.— This  consists  of  the 
electro-magnetic  circuit  and  the  measuring  coils.  One  of  these 
coils,  connected  in  series  with  the  circuit  to  be  metered,  is  wound 
of  few  turns  and  is  therefore  of  low  inductance.  The  current 
through  it  is  in  phase  with  the  current  in  the  metered  circuit. 
The  other  coil,  connected  across  the  circuit,  is  highly  inductive, 
and  therefore  the  current  in  it  is  nearly  90  degrees  out  of  phase 
with,  and  proportional  to  the  voltage  of  the  metered  circuit 


dby 


meter  depending 

ths  two  magnets  are  firmly  ..'.;l::ii...'.1  to  slidi:  on  the  milled  magnet  support 
aa  an  fnTpurnl  iiart  of  the  meter  frame.    When  the  proper  position  of  the  m*» 

incd  by  adjustment  and  tost,  the  shoe  which  hold*  the 

the  milled  magnet  support  by  t« 

tment  for  accuracy  on  light  load 


clamped  firmly 
figure.    The  ari 

path  of  the  pressure™  flu"   "ThisTateral 
micrometer  screw.    When  the  nrooer  coai 

mined  by  adjustment  and  te 

which  serve  to  clamp  it  to  ti 


lly  under  the  pressure  pi 
i)  accomplished  by  meat 
miching  ki  been  accural 


igle  phase  induction  wmtthour  meter  with  cover  removed.    Tha  J 

an  aluminum  disc  mounted  on  a  short  shaft  of  small  diameter,  f 

ed  in  it  a  hardened  Hteel  pivot  which  rests  in  a  cup  shaped  jewd  I 

:  meter  shaft  is  drilled  and  provided  with  a  small  washer  barn*  I 

small  diameter.    Into  this  hole  then  eitendi  a  steel  pin  imaj  I 
Two  micrometer  screws  are  provided  for  load  adjustment— <  " 
■'   r/orthelightloadadjustment.    The  adjustment  for  acorn 


which  is  shown  in  tis 


IJ6» 


across  ia  cecmmaik.  Tajcetmte^  when,  the  rawwit  jg  the  eactttC 
s  in  pfaase  wffifi,  the  voltage  (E8©  per  cent,  power  factor)  the 
caxferss  me  the  metur  en3$  ace  displaced  almost  9€>  degrees  witk 
mpCCS  to  earft  after. 


>Xfe 


rtlyl 


Ana.     By  means  of  t&e  power  factor  adjustment. 

Ones.    Hw  an  the  cafe  amnitd: 

Ans.     They  are  so  mounted  on  the  core  that  the  currents  in 


S5Hi^n^-'-^!S 
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them  produce  a  rotating  or  shifting  field  in  the  air  gap,  in  s 
what  the  same  manner  that  the  currents  in  the  primary  winding. 
of  an  induction  motor  produce  a  rotating  field. 

Ques.    What  is  the  strength  of  the  rotating  field  with 
90  degrees  phase  difference  between  the  currents? 

Ans.    It  is  proportional  to  the  product  of  the  currents  in  the 


_   with  ctrrer  HVMertll 

fniw.    A  heavy  steel  backplstehatsst 

lo  central  outing  enctosestbe  tack  part 

fell  gasket  lying  on  ■  suitable  ledm  Malt  *• 
oi  aim  or  moisture  when  the  back  plate  is  drawn  *  "  "~~ 
Which  tncloMi  the  back  part  of  the  meter  is  a  Dra 
ild  in  place  by  wing  nuts  on  the  two  Light  brail  studs 
ime.  This  joint  between  the  main  frame  and  the  com  is  «M 
of  dust  and  moisture  by  the  use  of  a  suitable  felt  natal.  M 
1  inthiscover.  one  to  permit  the  reading  rgtsyjajjsasr; 


__.,    ..  ,._.._-....,  „..,.. — j^  which  fits  over  the  terminal  chamber  is  hinged  at  1 

upper  left  hand  corner  so  that  it  will  ol  ita  own  accord  swing  out  of  the  way  whsa  I 
terminal  cover  sealing  screw  is  removed.    TVi\s  fcrjtae&  sVi\%  of  cover  will  be  foand  o 
rcnien  t  when  installing  and  connecting  tl»  metal  in.  qtouX,  ^ftsra." 
bmck  into  doawd  potation  it  is  fastened  in  gaBtvl  \»m»  »■»*». « 


* 1nto  closed  position  it  is  fastened  in  i 
w  mot  thmsch  «  nag  provided  on  m  « 
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•o  coils  and  therefore  proportional  to  the  product  of  current 
id  voltage  in  the  metered  circuit. 

At  any  other  power  factor  the  field  is  proportional  to  this  product 
multiplied  by  the  sine  of  the  angle  of  phase  difference  between  the  two 
meter  currents.  If  the  current  in  the  voltage  coil  be  in  quadrature  with 
the  voltage  of  the  metered  circuit,  at  any  power  factor  the  sine  of  the 
angle  of  phase  difference  between  the  currents  in  the  meter  circuits 
will  be  equal  to  the  cosine  of  the  angular  displacement  between  the  cur- 
rent and  voltage  in  the  metered  circuit.  Under  these  conditions  there- 
fore the  strength  of  the  shifting  field  is  proportional  also  to  the  power 
factor  of  the  circuit.  In  other  words,  the  strength  of  the  rotating  field 
is  proportional  to  the  product  of  the  volts,  amperes  and  power  factor 
and  is  therefore  a  measure  of  the  actual  power. 
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Quea.    In  what  part  of  the  meter  la  energy  consume* 

Ana.    In  the  field  producing  element 

It  is  upon  the  design  of  this  element  that  the  losses  in  the  meg 
depend.  Current  is  flowing  through  the  shunt  coQ  continuously,  en 
when  no  energy  is  be  ng  taken,  and  the  higher  the  inductance  of  ta' 


ts  design  is  such  that  the  weight  of  the  jx      

•cries  laminated  element  and  return  plate  are  earned  on  the  main  portion,  theaa 
projecting  bracket*  carrying  no  weight  eixept  that  of  the  moving  ijntem.  The  ■upon 
grid  ia  removed  by  taking  out  the  three  screws  locating  and  holding  it  in  ponuoo.  tat" 

iron  base,  also  rnnovingrft  the  some  time  the  screws  connecting  the  leads  of  these' 

to  the  binding  posts  at  the  bottom.     The  meteri  are  all  built  with  foul  '  '    "' 
that  they  maybe  connected  either  with  two  serif*  leads  and  a  tap  for 


coil,  the  smaller  will  be  the  energy  component  of  the  constant  flow.  ■ 
series  coil  causes  a  loss  oi  erat^f  yraportional  to  the  square  of  4 
current  flowing.     It  also  causes  a  tea?  "m  -jcJftaa.t.'aiWiL  indudrre  ■** 

resistive,  hence,  the  resistance,  a»4.  ii^wMswfe  <&  "4*  w*«.  «&<t* 

meter  should  be  as  tow  *s  ygttft^ 
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Ques.    How  should  the  magnetic  circuit  be  designed? 

Ans.  The  design  should  be  such  that  the  increase  of  magnetic 
x  with  high  voltage  or  high  current  will  not  have  a  retarding 
tiou  but  will  act  only  to  increase  the  torque. 

If  the  retarding  effect  be  not  prevented,  the  meter  will,  of  course, 
run  slow  at  overloads.  A  comparative  test  of  meters  at  varying  load 
and  at  varying  voltage  will  reveal  the  characteristics  of  the  magnetic 


2.  The  Moving  Element. — This  usually  consists  of  a  light 
ietal  disc  revolving  through  the  air  gap  in  which  the  rotating 
dd»  produced 


Ones.    What  is  the  action  of  the  disc? 

Ans.  It  acts  like  the  squirrel  cage  armature  of  an  induction 
"Ww,  developing  the  motive  torque  for  the  meter. 

Ques.    How  is  this  torque  counter  balanced  ? 

Ans.  By  the  retarding  element  so  that  the  speed  is  pro- 
portional to  the  torque, 

Ques.    How  should  the  disc  be  made  and  why? 

Ans.  As  light  as  possible  to  reduce  wear  on  the  beaxixv^  \n 
^""lilimrri 
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er  plvo(,  or  bearing  h 


iangamo  single  phaso  induction  watthour  oh 

nflrie  uf  ternucrcd  5 tee]  wire and  of  sufficient lyimil!  i 
between  the  top  of  the  brass  shaft  and  the  guide  ring 
de  of  phosphor  bronie.  has  the  heavy  hole  lined  sun 


the  bearing  shell  is  secured,  thus  eliminating  the  effect  of  vibration  in  the  mm 

which  would  tend  to  produce  rattling.  The  lower  bearing  consists  of  a  cup  sap 

rapported  in  a  threaded  pillar,  the  upper  eu&  <A  which. it  provided  with  a  slew 

ttmt  it  prevents  the  moving  element  o.roppingo>il.aiiT™iMiip™w..  T^asrotB 

■ifieJd  friction  tight  on  Ihc  that*  ao4csal*iHTON*4il\«*<Wsii*>*»-o»isi 
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Hie  Retarding  Element. — This  part  acts  as  a  load  on 
duction  motor  and  enables  the  adjustment  of  its  speed  to 
d  limits.  In  order  that  the  speed  shall  be  proportional  to 
riving  torque,  which  varies  with  the  watts  in  the  circuit, 
ecessary  that  the  torque  of  the  retarding  device  be  propor- 
to  the  speed.  For  this  reason  a  short  circuited  constant 
generator,  consisting  of  a  metal  disc  rotating  between  per- 
nt  magnet  poles,  has  been  generally  adopted. 

es.    How  is  the  retarding  torque  produced? 

>.  Eddy  currents  are  induced  in  the  disc  in  rotating  through 
lagnetic  field  which,  according  to  Lenz  law,  oppose  the 
that  produces  them,  thus  developing  a  retarding  torque. 

es.  How  is  the  constant  field  for  the  retarding  disc 
iced? 

By  permanent  magnets. 

The  retarding  disc  may  be  the  same  disc  used  for  the  moving  element, 
t  which  case  the  meter  fieM  acts  on  one  edge  while  the  permanent 
lagnet  field  acts  on  the  edge  diametrically  opposite.  This  arrangement 
mplifies  the  number  of  parts  and  saves  space  and  weight  of  moving 
ement. 

es.  What  error  is  likely  to  be  introduced  by  the 
ling  element? 

i.  If  the  strength  of  the  permanent  magnets  change 
any  cause,  the  retarding  torque  will  be  changed  and  the 
ation  of  the  meter  rendered  inaccurate. 

es.  How  may  the  strength  of  the  permanent  mag- 
be  changed? 

>.  They  may  become  weak  with  age,  or  affected  by  the 
irity  of  other  magnetic  fields.  The  series  coil  of  the  meter 
under  short  circuit  so  affect  the  strength  of  the  permanent 
ete  as  to  render  the  meter  inaccurate. 
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Ques.    What  precautions  are  taken  to  keep  the  strength 
of  the  permanent  magnets  constant? 

Ans.     Weakening  with  age  is  prevented  by  the  process  of 

"Agin;;."  The  cT-.-rt  of  nM;Y>i_;  r»  f;  !  I?  i;  o""r?i-ne  by  iron 
shields;  this  ptvwnts  t'12  ctectr  *-nagn-t5  a  lectins,  through 
overloads,  the  stron  :th  of  t'v:  pTnin^nt  -~\i  m  "ts. 


4.  The  RaVstsr'n^  El* 
the    dials,    |  oi.  iters,  and    no 


m  eha  lis  n  comprises 
tvssary  lo   secure   the 


required  reduction  in  speed.  This  gear  train  is  driven  directly 
by  the  rotor  and  therefore  its  friction  should  be  low  and  constant. 
The  dials  should  be  easily  read  and  should  register  directly  in 
kilowatt  hours.  If  a  constant  be  used  to  reduce  the  reading  to 
kilowatt  hours,  it  should  be  some  multiple  of  10,  to  avoid  errors 
in  multiplication.  By  means  of  suitable  gears  in  the  meters  tint 
is  easily  accomplished. 

5.  The  Mounting   Frame   and   Bearings. — These   pans 
have  an  important  influence  on  &e  accuiwsj  cdMoa-meter,  as  it 
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is  in  the  bearings  that  most  of  the  friction  in  the  meter  occurs. 
The  frame  should  be  rigid  and  free  from  vibration,  so  fiat  the 
bearings  will  be  at  all  times  in  perfect  alignment. 

Initial  friction  is  unavoidable  in  any  meter  construction  and  can  be 
easily  compensated  for.  A  change  in  the  initial  friction,  however,  due 
to  wear  of  bearings,  makes  readjustment  necessary. 

In  selecting  a  meter  the  special  attention  should  therefore  be  given, 
to  the  construction  of  the  'bearings,  particularly  the  lower,  or  "step" 
bearing  which  supports  the  weight  of  the  moving  element. 


l^n&dian  dial  of  Sangamo  single  phase  in 
test  circle  indicating  one  kilowatt  hour  per  revol 
circle  tndkautsi  10.     This  ia  provided  to  conform 


..lata  revolution  in  one  hour  and  for  a  20  ampere. 

Tbe  train  or  indicating  mechanism  ia  carried  on  a  rigidly  forme* 
aecmatclr  located  by  two  dowel  pins  aet  in  the  top  lace  of  the  i 

purpose      All  indicating  trains  used  on  type  "H"  meters  are  n 

back  of  the  train  and  on  the  compound  attachment  to  indicate ,-,— 

JBSsstfcss;  this  ratio  being  different  for  meters  of  different  capacities  in  ordi 
direct  reading  in  kilowatt  hours  on  the  dial. 


nd  swaged  brass  bracket, 

■ked  with  symbols  on  the 
ratio  of  each  conv 


Ques.     Describe    a    good    construction    for    the    step 
taring. 

Ans.     A  desirable  construction  would  consist  of  a  very  highly 
pfdrT****  and  hardened  ball  with  jewel  seats. 
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6.  The  Friction  Compensator.— The  object  of  this  device 
is  to  overcome  the  initial  friction  of  the  moving  parts.  It  is 
evident  that  if  this  initial  friction  were  not  compensated  some 
of  the  driving  torque  of  the  meter  would  be  used  in  overcoming 
it,  and  the  meter  would  therefore  not  rotate  at  very  light  load, 
and  not  fast  enough  at  other  loads,  thus  rendering  the  registra- 
tion inaccurate,  especially  at  light  loads. 


withtti  7 


— inp  coTTfb-pondinglyin- 
:hui£«d  in  proportion  to 


Since  meters  are  usually  run  at  light  loads  it  is  important  that 
an  efficient  light  Joad  adjustment  or  friction  compensator  should 
be  provided. 

Ques.     What  important  point  should  be  considered  in 
the  design  of  the  friction  compensator? 
Ans.     The  compensating  torque  must  not  cause  the  moving 
element  to  rotate  or  "creep"  without  curteaVm  >St«  ikciss.  hoU, 
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The  rotation  of  a  meter  Is  caused  by  two  distinct  torques,  the  varying 
meter  torque,  dependent  on  the  power  in  the  circuit,  and  the  constant 
torque  adjusted  to  compensate  the  initial  friction. 

The  friction  at  all  speeds  is  not  exactly  the  same  as  the  initial  friction, 
and  therefore  the  friction  compensating  torque  may  be  in  error  a  few 
per  cent,  at  high  speeds. 


risigemni!  o!  magnetic  circuit  of  Sani 

nt  view;  fig.  2,563,  rear  and  Bide  view 

in  in  which  the  disc  rotates,  projects  in  between  the  . 
.n  plate  bending  around  so  as  to  clear  the  u|  per  Leg  of  the  <,hunt  magnet 

both  KM  of  field.      *       *y  °    S    ""-i"-'    •*'"■-.  .....  i^i'..  .111,. niri.uTLi-.t  ,....,   ,    n(. 


.:..._  H .!!_..     .,„, ■..     ,.  .    , _ r[.  toj.s  ,|T]d   ,ltl.  „.,..  [.J,,  | 

■s.    The  scries  windings 

.  ...  _  a  Laminated  return  path 

■e  the  disc  of  the  meter,  thin  forming  air  gaps  in  which  the  disc  rotates.    The  series 
■    in  position  on  the  yoke  so 


(A  'he  yuke.  the  clips  l.,ini; 
lain  knil.     As  >ti  ^.Mifioniil 


If  the  compensating  torque  be  small  compared  with  the  dr\v\iv&tatc™i, 
this  small  error  percentage  is  negligible  in  its  effect,  on  ucL-Mfacj .  "£\<& 
smaller  it  &,  the  greater  vrill  be  the  accuracy  at  all  loads,  Mid  'OnaiAott, 

y  ^ZJffSSS^fi  %^ue  '"  adjusted  to  balance  tt«s  m\V.\t&  WW*k». 

be  iattiMl  faction  should  be  small  compared  with  the  dmwfc  Vttops. 
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In  the  wattmeter  type,  the  phase  relation  between  the  pressure  and 
the  current  fluxes  is  such  that  on  a  non-inductive  load  the  torque  is  sera 

For  instance,  in  a  dynamometer  wattmeter,  the  pressure  circuit  is 
made  highly  inductive  and  the  instrument  then  indicates  volts  X  am- 
peres X  sin  4  instead  of  volts  X  amperes  X  cos  tf>,  that  is.  to  say,  it  wiD 
indicate  the  wattless  component  of  the  power.  A  dynamometer  of  this 
type  is  sometimes  called  an  idle  current  wattmeter. 

INDUCTANCE 

/ooooooooocro"(rv— 


RESISTANCE 

vA/WWW 


Pig.  2.579. — Single  phase  power  factor  meter  of  the  rotating  field  or  disc  type. 

Ques.    Describe  a  single  phase  power  factor  meter  of 
the  disc  or  rotating  field  type. 

Ans.     It  consists  of  two  pressure  coils,  as  shown  in  fig. 
placed  at  right  angles  to  each  other,  one  being  connected 
a  resistance,  and  the  other  through  an  inductance  so  as  to f< 
the  phase  and  get  the  equivalent  of  a  rotating  magnetic  1 

The  coils  are  placed  about  a  common  axis,  along  which  is 
iron  disc  or  vane.  The  magnetizing  coils  F6  are  in  series  wit 
If  the  load  be  very  inductive,  the  cou  M  experiences  very  little  * 
the  system  will  set  itself  as  shown  in  the  figure.  As  the  load  becot__» 
inductive,  the  torque  on  S  decreases  and  on  M  increases  80  that  the 
system  takes  up  a  particular  position  for  every  angle  of  lag  or  lead. 

Ground  Detectors. — Instruments  of  this  name  are  used  for 
detecting  (and  sometimes  measuring  >2ta  \^ksv.^  \a  *ax&  or 
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the  insulation  of  a 
line  or  network  and 
are  sometimes 
called  ground  or 
earth  indicators,  or 
leakage  detectors 

For  iyii*:i J>  ••■■'• 


M  cloctroatatic  around  deUcUjr . 
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feature,  particularly  in  meters  that  require  no  adjustment  a 
installation,  as  they  prevent  entrance  of  dust  into  the  i 
meter  chamber. 

A  window  through  which  the  rotation  of  the  disc  can  be  6b- 
served  in  checking,  should  be  provided  for  the  same  r 


The   Faraday  Disc,   or  Mercury  Motor  Ampere  I 
Meter. — On  this  type  of  meter  the  mercury  motor  < 


essentially  of  a  copper  disc  floated  in  mercury'  between  t 
polis  of  a  magnet,  and  provided  with  leads  to  and  from  t 
mercury  at  diametrically  opposite  points.  The  tt 
relations  of  the  various  parts  are  shown  in  fig.  2,558. 

Cues.     Explain  its  operation. 

Axis,     The  electric  current,  as  s\Kwnv*wv  t\%A$Bfe*« 


contact  C,  passes  through 
the  comparatively  high 
resistance  mercury  H  to 
the  edge  of  the  low  re- 
sistance copper  disc  D 
across  the  disc  to  the 
mercury  H  and  out  of 
contact  C.  The  mag- 
netic flux  cuts  across  the 
disc  on  each  side  from 
N  to  S,  making  a  com- 
plete circuit  through  M 
and  M\  The  relative 
directions  of  the  magnetic 
flux  and  the  current  of 
electricity  as  well  as  the 
resulting  motion  arc  shown 
in  fig.  2,559.  According 
to  the  laws  of  electro- 
magnetic induction,  if 
a  current  carrying  con- 
ductor cut  a  magnetic 
field  of  flux  at  right  angles, 
a  force  is  exerted  upon 
the  conductor,  tending  to 
push  it  at  right  angles  to 
both  the  current  and  the 
flux.  When  connected  to 
an  eddy  current  damper  or 
generator  which  requires 
a  driving  force  directly 
proportional  to  the  speed 

o£  rotation,  ^Qft  *5«wwrj 


I 
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Ques.    How  is  a  synchronous  motor  employed 
frequency  Indicator? 

Ans.     A  small  synchronous  motor  is  connected  in  th 
cuit  of  the  current  whose  frequency  is  to  be  measured. 


Fig.  L\.">6l\ — <inuit  diagram  of  Sangamo  differential  shunt  type  ampere  hour  o 

use  in  battery  i  harsinf.  Since  a  battery  absorbs  more  energy  on  charge  than  it 
out  on  discharge,  at  its  working  voltage,  it  is  usually  given  a  certain  amount 
charge.  This  makes  desirable  a  meter  that  automatically  allows  for  the  proper 
of  overcharge.  Su<:h  a  meter  indicates  at  all  times  the  amount  of  electricity  i 
for  useful  work  without  resetting  the  pointer  every  time  the  battery  is  charged. 
words,  the  battery  and  the  mete*-  would  keep -in  step  for  considerable  periods 
without  readjustment.  The  Sangamo  differential  shunt  meter  is  designed  to  mi 
requirements,  and  it  consists  essentially  of  a  Sangamo  meter  with  two  shunts  o 
as  shown.  The  relative  value  of  shunt  resistance  is  adjustable  by  means  of  slid 
that  the  meter  can  be  made  to  run  slow  on  charge  or  fast  on  discharge,  whicheva 
desired.  The  usual  method  is  to  allow  the  meter  to  register  less  than  the  true 
on  charge  and  the  exact  amount  on  discharge,  the  difference  representing  the  lc 
battery,  or  the  overcharge.  If  the  meter  be  provided  with  a  charge  stopping  dc 
battery  can  be  given  an  amount  of  overcharge  predetermined  by  the  setting  of  1 
G.  Therefore  the  amount  of  overcharge,  can  Vw  ft*e&  Vev  *Avaxvce  by  a  skilled  mai 
Actual  charging  done  by  any  unskiUcApcTSo^,»\xcca>\vVvctc\%\^^\A\ftToa^i»>3BAt^ 
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ietermining  the  revolutions  per  minute  by  using  a  revolution 
nunter,  the  frequency  is  easily  calculated  as  follows: 

frequency  =  {revolutions  per  second  X  number  of  pole)  +  I. 


coded  for 


y  half  period  for  f 
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of  15  iosaoerdmper  mcaad. 


141).     The  i:=. 
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isnti  arc  provided  with  eight 

«undary  of  a  pressure  trans- 
with  the  aforementioned  regu- 
cycles  per  second.  In  order  to 
r  every  smarter  penod  for  fre- 
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polarised,  and  open 
the  un  polarized  mag 
vith  the  polarized  it 
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Ques.  Describe  the  resonance  method  of  obtaining 
the  frequency. 

Ans.  In  construction,  the  apparatus  consists  of  a  pendulum, 
or  reed,  of  given  length,  which  responds  to  periodic  forces  having 
the  same  natural  period  as  itself.  The  instrument  comprises  a 
number  of  reeds  of  different  lengths,  mounted  in  a  row,  and  all 
simultaneously  subjected  to  the  oscillatory  attraction  of  an 
electromagnet    excited   by   the    supply  current  that  is   being 


The  reed,  which  has  the  same  natural  time  period 
as  the  current  will  vibrate,  while  the  others  will  remain  practically 
at  rest. 

The  construction  and  operation  of  the  instrument  may  be  better 
understood  from  figs.  2.565  mid  2,-500,  which  illustrates  the  indicating 
part  of  the  Frahm  mi  '.it.  This  ivnsiscs  of  one  or  more  rows  of  tuned 
reeds  rigidly  mounted  side  by  side  on  a  oimmon  and  slightly  flexible  ban. 
The  reeds  are  made  of  spring  steel,  3  or  7  mm.  wide,  with  a  KBf1 
portion  of  their  free  ends  bent  over  at  right  angles  as  shown  in  fig.  2M 
and  enameled  white  so  that  when  viewed  end  on  they  will  be  eaM 
visible,  The  reeds  are  of  adjustable  length,  and  are  weighted  at  the  em 
A  piece  of  soft  iron,  rigidly  fastened  on  the  base  plate  which  supper 
the  reedM,  forms  the  armature  ol  &  mmajpift. 
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When  the  magnet  is  excited  by  alternating  current,  or  interrupted 
direct  current,  the  armature  is  set  in  vibration,  and  that  gives  a  slight 

.*  *_  n t.„~.  _l-*n  _»      *    *■- 1 4.„  t*.  _— i.     'L^L..  «ffMA«THM 


£  vibrations. 

The  reed  which  is  in  tune  will  vibrate  through  an  arc  of  considerable 
Moplitude,  and  so  indicate  the  frequency  of  the  exciting  current. 

Ones.    For  what  nee  is  the  resonance  type  of  frequency 
eter  most  desirable? 


Ans.     For  laboratory  use. 


Tie  frequency  meter.    The.  normal  frequency  il  usually 

-  ~  ._- reading.    The  damping  due  moves  in  a  magnetic  field. 

by  the  method  of  eddy  current!.    The  standard  meters  are  designed  fur 
'      inert  for  voltages  up  to  126  volts.     For  higher 
>lt  secondary  should  be  used. 

Ques.    Describe  the  Induction  type  of  frequency  meter. 

Ans.  It  consists  of  two  voltmeter  electro-magnets  acting  in 
pposition  on  a  disc  attached  to  the  pointer  shaft.  One  of  the 
Magnets  is  in  series  with  an  inductance,  and  the  other  with  a 
instance,  so  that  any  change  in  the  frequency  will  unbalance 
be  forces  acting  on  the  shaft  and  cause  the  pointer  to  assume  a 
*w  position,  when  the  forces  are  again  balanced.  TYveakin&ccuni 
kii*'  arranged  that  when  the  shaft  turns  in  one  akoiaaa. 
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the  torque  of  the  magnet  tending  to  rotate  it  decreases,  whilf 
the  torque  of  the  other  magnet  increases.  The  pointer  there 
fore  comes  to  rest  where  the  torques  of  the  two  magnets  an 
equal,  the  pointer  indicating  the  frequency  on  the  scale. 
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Qnes.     What  Is  the  object  of  the  aluminum  disc? 

Ans.     Its  function  is  to  damp  the  oscillations  of  the  pointer. 

Synchronism  Indicators. — These  devices,  sometimes  called 
•nchroscopes,  or  synchronizers  indicate  the  exact  dijjference  in 
lose  angle  at  every  instant,  and  the  difference  in  frequency. 


dark  ud  light 


ipwdofn 


',«. 


between  an  incomjng  machine  and  the  system  to  .which  it  is 
to  be  connected,  80  that  the  coupling  switch  can  fee  closed  at 
the  proper  instant.'*  There  are  several  types  of  synchronizer, 
such  as 

1.  Lamp  or  voltmeter; 

2.  Resonance  or  vibrating  reed; 

a  j 
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The  simplest  arrangement  consists  of  a  lamp  or  preferably 
a  voltmeter  connected  across  one  pole  of  a  two  pole  switch 
connecting  the  incoming  machine  to  the  busbars,  the  other  pole 
of  the  switch  being  already  closed. 

If  the  machines  be  out  of  step,  the  lamps  will  fluctuate  in 
brightness,  or  the  voltmeter  pointer  will  oscillate,  the  pulsation 


Fig.   2,571.— Genera 
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becoming  less  and  less  as  the  incoming  machine  approaches  syn- 
chronous speed.  Synchronism  is  shown  by  the  lamp  remaining 
out,  or  the  voltmeter  at  zero. 
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■s.    How  does  the  resonance  type  of  synchronism 
itor  operate? 

On  the  same  principle  as  the  resonance  type  of  fre- 
/  indicator,  already  described. 

•b.      What  Is  the  principle  of  the  rotating  field  type 
ichrunism  Indicator? 

Its  operation  depends  on  the  production  of  a  rotating 
field  by  the  currents  of  the 

metered  circuits  in  angularly 
placed  coils,  one  for  each 
phase  in  the  case  of  a  poly- 
phase indicator.  In  this  field 
is  provided  a  movable  iron 
vane  or  armature,  magnet- 
ized by  a  stationary  coil 
whose  current  is  in  phase 
with  the  voltage  of  one 
phase  of  the  circuit.  As  the 
iron  vane  is  attracted  or  re- 
pelled by  the  rotating  field, 
it  takes  up  a  position  where 
the  zero  of  the  rotating  field 
occurs  at  the  same  instant 
as  the  zero  of  its  own  field. 
In  the  single  phase  meter 
the  positions  of  voltage 
and  current  coils  are  inter- 
changed and  the  rotating 
field  is  produced  by  means 
of  a  split  phase  winding, 
connected  to  tun  Tcftaoji 
circuit. 
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Fi6S.  2,573  to  2,576. — Connections  of  General  Electric  synchronism  indicator.    Pig.  2,573. 
connections  with  grounded  secondaries  on  pressure  transformers;   fig.  2.574,  conn/  ~ 
with  ungrounded  secondaries  on  pressure  transformers;  fig;  2,575,  connections  for< 
240  volt  circuits,  with  six  point  receptacles;  fig'.  2.576,  connections  for  checking  k 
needle.    The  various  letters  referred  to  in  the  diagrams' will  be  found  mark 
-ends  of  the  instrument  studs  and  bade- of  reactance  coil  box.    It  is  impojrtanl 
.y  instrument  be  connected  in  circuit  in  the  proper' manner  so  that  the  needle 
"?  to  the  mark  on  the  upper  part  of  the  scale  when  synchronism  is  obtained).    ] 
pointer  become  moved  or  a  change  in.  its  position  b    netfGssary,  it  is  advisable'; 
check  on  the  indication  before  relocating  the.  needle.   This  test  can  be  made  i 
Connect  together  (fig.  2,573)  studs  marked  B  arid  B  and  connect  stud  A  to 
on  the  external  reactance  box.    When  thfese  connections  are  made,  the'  inst 

be  connected  to  a  single  phase  circuit  of  normal  voltage  and  if  the  instrument . 

the  pointer  will  stand  vertically  at  the  point  of  synchronism.  If  it  ttrraot,  t££peedk> 
oan  be  moved  and  should  be  fastened  in  the  correct  position.  The  synchronising  lamps 
when  connected  as  illustrated  in  the  diagrams,  show  dark  when  synchronism  is  "reached. 
This  is  the  only  connection  possible  when  grounded  secondaries  are  used,  as  in 'fig.  2,573. 
Mud  for  the  high  voltage  indicators  when  used  as  in  fig.  2,575,  but  with  urigrqonded  sec- 
ozxfarie*  (Sg,  2,674)  the  lamps  may  be  connecteQ.  e*\T\&\ca^<A^\v«v  they  will  show  bright 
*t  the  moment  of  synchronism.  The  connections  \o  \5da  ^T,Oca^si!«sv\sAbiaXttt  x«s»a^t^ 
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Power  Factor  Indicators. — Meters  of  this  class  indicate  the 
phase  relationship  between  pressure  and  current,  and  are  there- 
fore sometimes  called  phase  indicators.    There  are  two  types: 

1.  Wattmeter  type; 

2.  Disc,  or  rotating  field  type. 


fm.  1678. — Westinghouse  rotating  field  type  power 
daned  by  the  contmi  of  the  metered  circuits  i-  - 
.    at  the,  system,  in  the  case  of  polyphase  niet< 
^..   • j.....  j  , —  ->--„  jjjjj  IpiCHi  go"  M] 


The  rotating  geld  is.  pro- 

;ed  coils,  one  for  each  phase 

_  se  phase  meter  the  rotating 

mo  phase  meter  by  two  coils 


... in  the  case  of  polyphase  meters.    IfFthe  thn 

aMd  is  produced  by  three  toils  spaced  (Mr  apart;    In'.U 

spaced  60°;  in  the  single  phase  meter  the  positions,  of ' 

terthangod  and  the  routing  field  is  produced  by  mean 

netted  to  the  voltage  circuit.    There  in  no  movable  cc „ ,.    .,..._ 

gle  phase  meters  indicate  the  power  factor  of  a  single  phase  circuit,  or  of  one  branch  d 

— ' — K-—  --— **      Special  calibration  is  necessary  in  order  to  use  a  single  phase 

ifaaae  circuit  unlesa  the  voltage  ernl  pn  ««rnec«A  Itum.  at*  'as* 

Poirphaie  meters  indicate  th»  avenge  <uo$k  beAwoeu.  ft*  comet*  vA 
fupenor  for  palmhMtB  aerrice  to  meter,  haviiui  crnlj  one,  cartes^  tovV 
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In  the  wattmeter  type,  the  phase  relation  between  the  pressure  and 
the  current  fluxes  is  such  that  on  a  non-inductive  load  the  torque  is  tero. 

For  instance,  in  a  dynamometer  wattmeter,  the  pressure  circuit  k 
made  highly  inductive  and  the  instrument  then  indicates  volti  X  am- 
pert!  X  ms  *  instead  of  wits  X  amperes  X  cox  *.  that  is  to  say,  it  will 
indicate  the  wattless  component  of  the  power.  A  dynamometer  of  this 
type  is  sometimes  called  an  idle  current  wattmeter. 


of  the  routing  field  or  disc  type. 


Ques.    Describe  a  single  phase  power  factor  meter  of 
the  disc  or  rotating  field  type. 

Ans.     It  consists  of  two  pressure  coils,  as  shown  in  fig.  2,5 
placed  at  right  angles  to  each  other,  one  being  connected  tl 
a  resistance,  and  the  other  through  an  inductance  so  as  to  " 
the  phase  and  get  the  equivalent  of  a  rotating  magnetic  lie! 
The  coils  are  placed  about  a  common  axis,  along  which  is  ptv* 
iron  disc  or  vane.     The  magnetizing  coils  F6  are  in  series  witn  til 
If  the  load  be  very  inductive,  the  coil  M  experiences  very  little  torque  at 
the  system  will  set  itself  as  shown  in  the  figure.   As  the  load  becomes  less 
inductive,  the  torque  on  S  decreases  and  on  M  increases  so  that  the 
system  takes  up  a  particular  position  for  every  angle  of  lag  or  lead. 

Ground  Detectors. — Instruments  of.  this  name  are  used  for 
^tecting  (and  sometimes  measuring  tt»  YakksjbNa  <nsc&.<x. 
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CHAPTER  LXIII 
WAVE  FORM  MEASUREMENT 


The  great  importance  of  the  wave  form  in  alternating 
irrent  work  is  never  denied,  though  it  has  sometimes  been 
rerlooked.  The  application  of  large  gas  engines  to  the 
-iving  of  alternators  operated  in  parallel  requires  an 
curate  knowledge  of  the  wave  form,  and  a  close  confor- 
ation  to  a  sine  wave  if  parallel  operation  is  to  be  satis- 
ctory.  It  is  also  important  that  the  fluctuations  in  mag- 
;tism  of  the  field  poles  should  be  known,  especially  if  solid 
eel  pole  faces  be  used. 

If  an  alternator  armature  winding  be  connected  in  delta,  the  presence 
of  a  third  harmonic  becomes  objectionable,  as  it  gives  rise  to  circulating 
currents  in  the  winding  itself,  which  increase  the  heating  and  lowers 
the  efficiency  of  the  machine. 

That  the  importance  of  having  a  good  wave  form  is  being  realized, 
is  proved  by  the  increasing  prevalence  in  alternator  specifications  of  a 
clause  specifying  the  maximum  divergence  allowable  from  a  true  sine 
wave.  It  is  however  perhaps  not  always  realized  that  an  alternator 
which  gives  a  good  pressure  wave  on  no  load  may  give  a  very  bad  one 
under  certain  loads,  and  the  ability  of  the  machine  to  maintain  a  good 
wave  form  under  severe  conditions  of  load  is  a  better  criterion  of  its 
good  design  than  is  the  shape  of  its  wave  at  no  load. 

The  question  of  wave  form  is  of  special  interest  to  the  power  station 


whether  the  constants  of  his  distributing  circuit  are  of  an  order  liable  b 
cause  dangerous  voltage  surges  due  to  resonance  with  the  harmonics 
of  his  pressure  wave;  what  stresses  he  is  getting  in  his.  insulation  du» 
to  volt^e  nurses  when  switching  on  or  off,  etc.    It  nas  been.  &i<awi Vj 
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Rossler  and  Welding  that  the  luminous  efficiency  of  the  alternating ' 
rent  arc  may  In?  -14  per  tent,  higher  with  a  flat  topped  than  wit 
(leaked  pressure  wave,  while  on  the  other  hand  it  is  well  known  t 
transformers  are  more  efficient  on  a  jieaked  wave.  Also  the  accur 
of  many  alternating  current  instruments  depends  u[>on  the  wave  sha 

In  making  insulation  breakdown  tests  on  cable*,  insulators, 
machinery,  large  errors  may  be  introduced  unless  the  wave  form  at 
time  of  the  test  lie  known.  It  is  not  sufficient  even  to  know  that ' 
testing  alternator  Rives  a  close  approximation  to  a.  sine  wave  at  no  lo 
since  if  the  capacity  current  of  the  apparatus  under  test  be  modem' 
large  compared  with  the  full  load  current  of  the  testing  alternator.  1 
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taining  this  knowledge.     The  apparatus  in  use  for  such  pur- 
se may  be  divided  into  two  general  classes, 

1.  Wave  indicators; 

2.  Oscillographs. 


Jd  the  methods  employed  with  these  two  species  of  apparatus 
ay  be  described  respectively  as, 

1.  Step  by  step ; 

2.  Constantly  recording. 

it  is  to  say,  in  the  first  instance,  a  number  ot  VasfcasXaasraas 
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values  are  obtained  at  various  points  of  the  cycle,  which  are 
plotted  and  a  curve  traced  through  the  several  points  thus 
obtained.  A  constantly  recording  method  is  one  in  which  an 
infinite  number  of  values  are  determined  and  recorded  by  the 
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FlCS.  2,585  and  2,586. — Oscillograms  (from  paper  by  Morris  and  Catterson-Smith,  Proc. 
I.  E.  E..  Vol.  XXXIII,  priK*.-  1.023),  showing  how  the  current  varies  In  one  of  the  annatw* 
colls  of  a  direct  current  motor.    Fit?.  2,585  was  obtained  with  the  brushes  in  the  neutral 

position,  anil  tig.  2,580  with  the  brushes  shifted  forward. 

machine,,  thus  giving  a  complete  record  of  the  cycle,  leaving  no 
portion  of  the  wave  to  be  filled  in. 

The  various  methods  of  determining  the  wave  form  may  U 
further  classified  as*. 


i 


WAVE  FORM  MEASUREMENT 


1,843 


1.  Step  by  step 


foabert's  method; 

Four  part  commutator  method; 

Modified  four  part  commutator  method; 

Ballistic  galvanometer  method; 

Zero  method; 

By  Hospitalier  ondograph. 


vrfWfiM 


Time    »         » 

B.2^87.— Oacillotram  by  Bailey  and  Cleghorne  (Proc.  I.  B.  E.,  Vol.  XXXVIII).  showing 
the  sparking  pressure  or  pressure  between  the  brush  and  the  commutator  segment  at  the 
ml  of  separation.     The  waves  fall  into  groups  of  three  owing  to  the  fact  that  there 
three  armature  coils  in  each  slot. 


2.  Constantly  recording 


sr 


as 


use  of  various  types 
oscillograph,     such 


1  cathode  ray; 
glow  light; 
moving  iron; 
moving  coil; 
hot  wire. 


SI  ME  WAVE 
DISTORTED  WAVE 
PEAKED  WAVE 


fc-  2,568. — Various  wave  forms.  The  sine  wave  represents  a  current  or  pressure  which  varies 
according  to  the  sine  law.  A  distorted  wave  is  due  to  the  properties  of  the  circuit,  for 
inrtance,  the  effect  of  hysteresis  in  an  iron  core  introduced  into  a  coil  is  to  distort  the 
current  wave  by  adding  harmonics  so  that  the  ascending  and  descending  portions  may 
not  be  symmetrical.  A  peaked  wave  has  a  large  maximum  as  compared  with  its  virtual 
value.    A  peaked  wave  is  produced  by  a  machine  with  concentrated  winding. 

Joubert'8  Method. — The  apparatus  required  for  determining 
the  wave  form  by  this  step  by  step  method,  consists  of  a  gal- 
vanometer, condenser,  two,  two  way  switches,  tesstanKfe  *xA 
adjustable  contact  maker,  as  shown  in  fig.  2,&&. 
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The  contact  maker  is  attached  to  the  alternator  shaft  so  that  it  wiD 
rotate  synchronously  with  the  latter.  By  means  of  the  adjustable 
•  contact,  the  instant  of  "making"  that  is,  of  "closing"  the  testing  circuit 
may  be  varied,  and  the  angular  position  of  the  armature,  at  which  the 
testing  circuit  is  closed,  determined  from  the  scale,  which  is  divided 
into  degrees. 

A  resistance  is  placed  in  series  with  one  of  the  alternator  leads,  such 
that  the  drop  across  it,  gives  sufficient  pressure  for  testing. 

Ques.    Describe  the  method  of  making  the  test. 

Ans.    For  current  wave  measurement  switch  No.  1  is  placed 
on  contact  F,  and  for  pressure  wave  measurement,  on  contact  G, 
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PlG.  2,589. — Diagram  illustrating  Joubert'a  step  by  step  method  of  wave  form  measonmaoJ 


switch  No.  2  is  now  turned  to  M  and  the  drop  across  the  resistano 
(assuming  switch  No.  1  to  be  turned  to  contact  F)  measured  lr 
charging  the  condenser,  and  then  discharging  it  through  th 
galvanometer  by  turning  the  switch  to  S.  This  is  repeat© 
for  a  number  of  positions  of  the  contact  maker,  noting  ead 
time  the  galvanometer  readme  and  position  of  the  contact  makfl 
By  plotting  the  positions  ot  cox\te£k  \aaksc  *&  ^^ss^svith 
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galvanometer  readings  as  ordinates,  the  curve  drawn  ft 
them  will  represent  the  wave  form. 

The  apparatus  is  calibrated  by  passing  a  known  constant 
through  the  resistance. 


Ballistic  Galvanometer  Method. — This  method,  wl 
due  to  Rubber,  employs  a  contact  breaker  instead  of  a  < 
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Fig.  2,502. — Diagram  illustrating  the  ballistic  galvanometer  method  of  waveform 
merit.  The  test  may  be  made  as  described  in  the  accompanying  text,  or  in  case 
tact  breaker  is  belted  instead  of  attached  rigidly  to  the  shaft,  it  could  be  arrange 
slightly  out  of  synchronism,  then  by  taking  readings  at  regular  intervals,  point 
obtained  along  the  curve  without  moving  the  contact  breaker.  If  this  method 
a  nun-adjustable  contact  breaker  suffices.  In  arranging  the  belt  drive  so* 
slightly  out  of  synchronism,  if  the  pulleys  be  of  the  same  size,  the  desired  result  is 
by  pasting  a  thin  strip  of  paper  around  the  face  of  one  of  the  pulleys  thus  alt 
velocity  ratio  of  the  drive  slightly  from  unity. 

maker.  The  distinction  between  these  two  devices  shoi 
noted:  A  contact  maker  keeps  the  circuit  closed  during 
revolution  for  a  short  interval  only,  whereas,  a  contact  b: 
keeps  the  circuit  open  for  a  short  interval  only. 

Fig.  2.592,  shows  the  necessary  apparatus  and  connections  for  a] 

the  ballistic  galvanometer  metWL   Tc\^  suwtect  breaker  consu 

commutator  having  an  ebomve  ot  fosnVtiVrcg,  ssigageft.  *n\ \^^  \ 
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In  operation  the  contact  breaker  keeps  the  circuit  closed  during  all 
of  each  revolution,  except  the  brief  interval  in  which  the  brushes  pass 
over  the  ebonite  segment. 

The  contact  breaker  is  adjustable  and  has  a  scale  enabling  its  various 
positions  of  adjustment  to  be  noted. 

Ques.     Describe  the  test. 

Ans.     The  contact  breaker  is  placed  in  successive  positions 


-aid  galvanometer  readings  takt-n,  tin:  swiirh  Ix-in.: 
ig.  2,.',02,  in  measuring  the  current  wuv  .  and  In  (■ 
Ihe  pressairc  wave.  The  result.-;  tluw  nli;rt!in,>l 
living  respectively  current  and  pn----un:  vvuvi'v 
Ques.  How  is  the  apparatus  en  Unrated.: 
Ans.  ByscndingB  constant  nrnvm  .if  known 
he  resistance  R. 


nii'iisumiK 

-.■  plotted 

AU'  \>\TUW^t\ 
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Zero  Method. — In  electrical  measurements,  a  zen 
is  one  in  which  the  arrangement  of  the  testing  devices  is 
the  value  of  the  quantity  being  measured  is  shown  whe 
vanometer  needle  points  to  zero. 

In  the  zero  method  either  a  contact  maker  or  contac 
may  be  used  in  connection  with  a  galvanometer  and 
bridge, 'as  shown  in  figs.  2,595  and  2,596. 
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Pig.  2.595. — Diagram  illustrating  zero  method  of  wave  measurement  with  cc 
The  voltage  of  the  battery  must  be  at  least  as  great  as  the  maximum  : 
measured  and  must  be  kept  constant. 

Ques.    What  capacity  of  battery  should  be  use 

Ans.     Its  voltage  should  be  as  great  as  the  maxiir 
sure  to  be  measured. 

Ques.    What  necessary  condition  must  be  ma 
in  the  battery? 

Ans.     Its  pressure  must  be  kept  constant. 
Ques.    How  are  instantaneous  values  measure 
Ans.     The  bridge  contact  k  Va  a&yasfc^^^  ^fc* 
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shows  no  deflection,  then  the  length  AS  is  a  measure  of  the 


The  drop  between  these  points  can  be  directly  measured  with  a  volt- 
meter if  desired. 

Ques.    How  did  Mershon  modify  the  test? 

Ans.     He  used  a  telephone  instead  of  the  galvanometer  to 
determine  the  correct  placement  of  the  bridge  contact  A. 
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fit  2.090. — Diagram  illustrating  zero  method  of  wave  measurement  with  contact  breaker. 
The  voltage  of  the  battery  must  be  at  least  as  great  ag  the  maximum  pressure  to  be 
and  must  be  kept  constant. 


Ques.    How  can  the  instantaneous  values  be  recorded  ? 

Ans.  By  attaching  to  the  contact  A,  a  pencil  controlled  by 
&a  electromagnet  arranged  to  strike  a  revolving  paper  card  at 
the  instant  of  no  deflection,  the  paper  being  carried  on  a  drum. 


Hospitaller  Ondograph. — The  device  known  V>v  \&\s>  xvaccwi 
is  a  development  of  the  Joubcrt  step  by  step  metYvofc.  ol  ^«n^ 
htm  measurement,  that  is  to  say,  the  principle  otv  ^Yada.  Hfc 
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action  Is  based,  consists  in  automatically  charging  a  condenser 
from  each  WOtlt  wave,  and  discharging  it  through  a  recording 
galvanometer,  each  successive  charge  of  the  condenser  being  auto- 
matically taken  from  a  point  a  little  farther  along  the  wave. 


As  shown  in  tin-  diagram,  fiR.  2,507,  the  ondograph  consists  of  a  syn- 
chronous motor  A,  operati-d  from  the  source  of  the  wave  form  to  be 
measured,  comii'iU-d  by  Rt-ars  B  to  a  commutator  D,  in  such  a  manner 
that,  while  the  motor  makes  :i  certain  number  of  revolutions,  the  cam- 
mutator  makes  a  like  number  diminished  by  unity:  that  is  to  say,  if 
the  gfwed  ot  I  he  motor  Ix:  \HW  YovotoAaos  v«  minute,  the  comniuUW 
will  have  a  speed  of  SlJ9. 
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The  commutator  has  three  contacts,  arranged  to  automatically  charge 
the  condenser  cc'  from  the  line,  and  discharge  it  through  the  galvanom- 
eter E,  the  deflection  of  which  will  be  proportional  to  the  pressure  at 
any  particular  instant  when  contact  is  made. 

In  fig.  2,607,  GG'  are  the  motor  terminals,  HH'  are  connected  to  the 
condenser  cc'  through  a  resistance  (to  prevent  sparking  at  the  com- 
mutator) and  I,  I'  are  the  connections  to  the  service  to  be  measured. 

A  permanent  magnet  type  of  recording  galvanometer  is  employed. 
Its  moving  coil  E  receives  the  discharges  of  the  condenser  in  rapid  suc- 
cession and  turns  slowly  from  one  side  to  the  other. 


The  movable  part  operates  a  long  needle  (separately  mounted)  carry- 
ing a  pen  F,  which  traces  the  curve  on  the  rotating  cylinder  C.  This 
cylinder  is  geared  to  the  synchronous  motor  to  run  at  such  a  speed  as  to 
register  three  complete  waves  upon  its  circumference. 

By  substituting  an  electromagnetic  galvanometer  for  the  permanent 
magnet  galvanometer,  and  by  using  the  magnet  coils  as  current  coils 
and  the  moving  coil  as  the  volt  coil,  the  instrumcift  can  be  mn&b\c»%nG« 
wmtt  carves.   Fig.  2,598  shows  the  general  appeaiancaot  \i*  oc&we1"^ 
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Cathode  Ray  Oscillograph. — This  type  of  apparatus  for 
measuring  wave  form  was  devised  by  Braun,  and  consists  of  a 
cathode  ray  tube  having  a  fluorescent  screen  at  one  end,  a  small 


e  with  DHdng  tank.    Tbt 

using  ■  pie™  ot  transosmt 
liipL"  ,  Ihe  travel  under  uL^'rvalion  appear  &i  a  continuous  band  of  light  which  can  bi 
tr.it.il.  thus  niiikini;  a  purmntuilrt  record.  This  is  not.  however,  to  be  regarded  asareconl- 
in«  iiitarlii:iiTit,  -it"1  l:hi  nut  lie  uwl  where  instantaneous  phenomena  are  being  B«* 
giti -:i.  The  synchronous  motor  [<<r  on'ratlns  the  synchronous  mirror  in  connection  sriii 
irai-ire  a:ii]  vii-.vir«  ii*t  i,  hniiiir.  i>;  w.iinl  d.r  limt.j  115  volts,  35  to  12.'i  cycles,  and ihouD, 
oU-iUr='.  Lh.t-.iti  iron  i  '.!n--;  n;v.'  m...~-;.:se  ivhidi  f  irnishi'S  power  to  the  circuit  under  coasts- 
■  ■  ,*;al  (ur  tti-ariyiaii  and  >..i;..,t.i„(.  the  current  should  be  connected  in  writs 
:■.-.  The  beam  from  the  vibrator  mirrors  Urikint  Ikit  lynthnmatt  ssaur 
tj  <»<v  JB-;  /.»(/i  o;rr  fdf  otrrrJ  (fjij,  Dud  ii»i  (A*  Iran*  o/  '**  mh;  (at  ■» 
il   li/  I*. -( t jfony   nirrir   iirri   Ike    amfliludt,   and   Ihc   combination   (iMt  (as  saw 


v.jth    til.-  ■ 


ri-  l;nn;j  or  projection  lantern  produc 


■.rllru,  tminiiULbar 


i-  ordinarily  used. 


diaphragm  with  a  hole  in  it  at  its  middle,  and  two  coils  of  ft 
ifcir  turns  each,  placed  outside  it,  a\.  ttsJofc  aa^Ka\o  « 
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fhe*  coils  carry  currents  f-tvportioiuil  to  tlie  pressure  and  CUT- 
ttattespcctizv'y  of  the  circuit  under  observation. 

The  ray  then  moves  so  a?  to  produce  an  energy  diagram  en. 
the  increscent  sxrtKTi. 


The  instrument  i?  much  used  ■■:  \vir'.-H">?  v/iegraphy,  as  it  is 
apable  of  showing  the  eh htu uteri su-'.'f  <A  currents  u{  very  hitfi 
aqaeaty. 


phuu-nt  rk-etnuruiKm-l  ^i1v;is:i>:jhut,  a-jj'Kal  svsU'm,  uhuiu-r  and  shutter  opMMbc  vrcb' 
:mi-:Ji.  f'lm  '.ru  Iili;  im.i.ir  nnd.l-mia  pulll-y*!  photographic  and  tlMiM  ItttdBM&lff 

mirrora':  I  ton  gold  hut  fuses;  1  brills  nurror  crmaut:  l  imi tie  damping  liquid'. 
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Glow  Light  Oscillograph. — This  device  consists  of  two 
aluminum  rods  in  a  partially  evacuated  tube,  their  ends  being 
about  two  millimeters  apart.  When  an  alternating  current  of 
any  frequency  passes  between  them  a  sheath  of  violet  light  forms 
on  one  of  the  electrodes,  passing  over  to  the  other  when  the 
current  reverses  during  each  cycle.  The  phenomenon  may  be 
observed  or  photographed  by  means  of  a  revolving  mirror. 


Moving  Iron  Oscillograph. — This  type  is  due  to  Hlondcl, 
to  whom  belongs  the  credit  of  working  out  and  describing  in 
considerable  detail  the  principles  underlying  the  construction 
of  oscillographs. 


The  moving  iron  type  of  oscillograph  consists  of  a  very  thin  vane  of 
iron  suspended  in  a  powerful  magnetic  field,  thus  forming  a  polarized 
magnet.  Near  this  strip  are  plaivil  two  small  coils  which  curry  the 
current  whose  wave  form  is  to  lie  measured. 

The  moving-  iton  vane  has  a  very  short  period  ol  Vbra&um  'aA  caa 
therefore  follow  every  variation  in  the  current. 
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Attached  to  the  vane  is  a  small  mirror  which  reflects  a  beam  of  light 
upon  some  type  of  receiving  device. 

The  Siemens-Blondel  oscillograph  shown  in  fig.  2,604,  is  of  the  moving 
aril  type,  being  a  development  of  the  moving  iron  principle. 


Moving  Coil  Oscillograph. — The  operation  of  this  form 
of  oscillograph  is  based  on  the  behavior  of  a  movable  coil  in  a 
magnetic  field. 


fcs.  2,605  and  2,606. — Oscillograms  reproduced  from  a  paper  by  M.  B.  Field  on  "A  Study 
of  the  Phenomena  of  Resonance  by  the  Aid  of  Oscillograms"  {Journal  of  E.  E.,  VoL 
XXXII).  The  effect  of  resonance  on  the  wave  forms  of  alternators  has  been  the 
subject  of  much  investigation  and  discussion;  it  is  a  matter  of  vital  importance  to  the 
engineer  in  charge  of  a  large  alternating  current  power  distribution  system.  Pig.  2,605 
shows  the  pressure  curve  of  an  alternator  running  on  a  length  of  unloaded  cable,  the 
11th  harmonic  being  very  prominent.  Pig.  2.606  shows  the  striking  alteration  produced 
by  reducing  the  length  of  cable  in  the  circuit  and  thus  causing  resonance  with  the  13th 
harmonic. 


It  consists  essentially  of  a  modified  moving  coil  galvanometer  combined 
with  a  rotating  or  vibrating  mirror,  a  moving  photographic  film,  or  a 
falling  photographic  plate.  The  galvanometer  portion  of  the  outfit  is 
usually  referred  to  as  the  oscillograph  as  illustrated  in  figs.  2,608  to 
2,612,  representing  diagrammatically  the  moving  system. 

In  the  narrow  gap  between  the  poles  S,  S  of  a  powerful  magnet  are 
stretched  two  parallel  conductors  formed  by  bending  a  thin  strip  of 
phosphor  bronze  back  on  itself  over  an  ivory  pulley  P.  A  spiral  spring 
attached  to  this  pulley  serves  to  keep  a  uniform  tension  on  the  strips, 
and  a  guide  piece  JL  limits  the  length  of  the  vibrating potXioato  \&&vu& 
actually  in  the  magnetic  field. 
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A  small  mirror  M  bridges  across  the  two  strips  as  shown.  The  effect 
of  passing  a  current  through  such  a  "vibrator"  is  in  cause  one  of  the 
strips  to  advance  while  tlie  other  recedes,  and  the  mirror  is  thus  turned 
about  a  vertical  axis. 

Each  strip  of  the  loop  passes  through  a  separate  gap  (not  shown  ia 
the  figure).  The  whole  of  the  'vibrator,"  as  this  part  of  the  instrument 
is  called,  is  immersed  in  an  oil  bath,  the  object  of  the  oil  being  to  darr.p 


uhabte  for  accurate 
tmd.    In  the  fan*. 
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X!.lffiu  3.812.— VIb™(«wrfDuddrflmrvinE™ln^i!].w™ph;in.1  ttecrion  throufthoU 
hilh  uf  rIcrtrom»gnct  mnllomph,  The  Ttbrmtorcon.litiiiif  »  hraM  [rdnn1  Vi,  whir-li  nun. 
i-iuiii-.)  suft  iron  pole  piecu»P.  P.    IleiiYeen  thi  ■■.  »!imi(  lurRivr  cnjuvii  iirlivi'lul  iiitntm 

•I:-  1.tim  wiTT  C  pji»cB  from  sn  iniuii.ti'l  [jinv-!  pl.-iic  v,  Id,-  snip,  which  i«  in  I  ..vit  an 
iv>ry  ituide  block,  down  one  of  the  narrow  yro.,vis  :m]  .ivur  .■iiii.thcr  ciii'li-  blu.W.  thi' 
l-'.pi  r'.und  ihe  ivory  pulley  0,  which  puts  tc:i;--i.j:i   oil   lh:  strip  by  tin;  M.riiu;   \,  1.:.,  V 

.-■  .        ,,        ..  .     ....        .1.  .....!„..    1 ,.   ,,{  ,h,.    i,;.,,],,,^] 

....  -, <omer.     The  livurs ,  .    .  . 

t  P  ii  removable  Emm  W  (or  eaiu  in  n  pairinii.    In  type  l.lhw  ji..!c  pu-ivi 

vable.    The  rlbntor*  irviikiccd  ride  by  Mr  in  the  ifaptn'tn.  ,n  Uu-jh.U-j 

S.S  of  the  rlectramaimel.  ice  fin.  2.011).  Each  vil.r:it'..-  is  pi  vote, I  j:...nt  vLtik-.ilc.nit.TS. 
the  Ixrftnm  center  fit  tin  k  in  tlie  base  of  tin-     ii  b-ilh.  ami  the  one  nt  111,- 1  of)  lii-inn  f..rm.-l 

byncirwin  the  cock  piece  Y.    It  can  Ihui  torcurily  tumnl  In  ruinuth.  it*  (■"!•■*  i Inn 

fjied  by  the  adhiiting  icrew  L,  a  ipiral  ■iirini)  Krvinu  in  k .-. -n  lite,  vihnitui  alwnyf  in  cun- 
tjet  with  lliis  screw.  Since  Kicli  cock  pin  e  cm  Ii.-  :n- ii-,  .e:i.  kilt  ly  muvcil  [oiu'lihIoi  liucli- 
want.  Fitch,  vihratur  can  be  tipped  nliiitilly  in  L-dtlicrf.it  tli.vc  direct  i,in:i  ™>  th.il  cdoiileli' 
iwti'J  over  the  mirroti  in  nljtr.in.rl  :.nei  rc-H,-..:tt:.l  sjioti  uf  linlit  iiuv  !).■  iniuln  to  coincide 
with  that  reflected  from  the  fined  mn  minor,  which  Litter  ii  fijwrl  til  ;;  liraita  tonuuc  In 
he'.wuen  the  two  vibrator-!.  A  piano-conn"  len*  "f  ■"'"  i:m-  l""i'1  leniith  is  fise.l  on  the 
oil  bath  in  front  of  the  nbrat'ji-  mmo-s  in  cr.iiivc:,:,i  the  nitlVctcrl  bram*  <■[  liiiltt.  It 
will  be  noticed  that  Ihu  leni  is  ■lightly  mtlinvil  «o  thai  no  tnjulilc  will  he  liven 
bv  rrfkcliont  from  it*  own  surface.  The  normal  diM.io.  ■■  frotn  the  vitn-.itor  mirror*  to 
"        ni rkirm  deflcc- 


o  -1  'if  .11 


alBpert-  iceof.lltiR 

xi  each  side  ol  the  hto  line  should 
it  thmosh  the  strija  should  in  DO  CM 
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the  movement  of  the  strips,  and  make  the  instrument  dead  be 
also  has  the  additional  advantage  of  increasing  by  refraction  the 
ment  of  the  spot  of  light  reflected  from  the  vibrating  mirrors. 

The  beam  of  l'ght  reflected  from  the  mirror  M  is  received  on  a 
or  photographic  plate,  the  instantaneous  value  of  the  current  bei 
portional  to  the  linear  displacement  of  the  spot  of  light  so  fortrn 

With  alternating  currents,  the  spot  of  light  oscillates  to  and  frc 
current  varies  and  wou'd  thus  trace  a  straight  line. 

To  obtain  an  image  of  the  wave  form,  it  is  necessary  to  trave 
photographic  plate  or  film  in  a  direction  at  right  angles  to  the  di 
of  the  movement  of  the  spot  of  light. 


retain*  hosbren  rrfin  tr,l  from  thr  vuilloiraph  mirrorJ.il [fails  cm  a  n't 

If  already  has  and  u'lmk  is  fr.it-ortiunal  Jo  ihc  current  pastinr  liaaitk  the  out 
It  is  therefore  only  ,;,■■  cHW  M  place  a  Kim  ill  ilit-  path  of  the  ft-flected  beam  a 
obtain  a  trace  of  the  wave  form.  Since  the  vibratinf  mirror  is  vibrated  byncui 
no  the  shaft  of  a  synchronous  motor,  which  motor  is  driven  from,  or  synchronoui 
the  source  of  supply  whose  wave  form  is  being  investigated,  the  wave  form  is : 
time  after  time  in  the  same  place  on  the  scr«n,  and  owing  to  the  "persistence"  o 
iht  ivhuif  wave  appears  statint  aty  on  the  screen.  The  synchronous  motorn-iih  itmi 
mirror,  mentioned  above,  is  located  underneath  the  "tracing  desk."  When  usee 
position  a  wave  a  fiv-  centimeters  ir,  amplitude  is  seen  through  a  sheet  ol  trncn 
which  is  tn'Tit  round  a  curved  sheet  ol  glass.  A  permanent  record  of  the  wave  f 
thus  easily  be  traced  on  the  paper.     A  dark  box  which  is  designed  to  hold  a  iber 

nil  pliot'urraphic  recor:!  c:   the  wave  f.: 

_  ...-  oscillograph;  the  hrsmnf  lieTt  isth. ....  „  .......  „, *,,„,_„  , 

bircc  '.■erik'al  screen  whicn  -ihu'jia  be  filed  about  two  and  a  half  meter*  distant. 
'.!)!■■;<■  ,-, milii.il'.:';  ;■.  w.iv?  fcjmi  i>f  amplitude  SO  cm.  each  side  the  zero  line  may  bei 
which  is  therefore  visible  to  a  large  audience. 

Ques.    How    are    the    oscillograms    obtained    in 
Duddell  moving  coil  oscillograph? 

Ans.  In  all  cases  the  oscillograms  are  obtained  by  a  s[ 
tight  tracing  out  the  curve  connecting  current  or  voltage 
time.     The  source  of  light  is  an.  are.  Wt\^ ,  y&a'^'&ft.  team.  ■ 
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passes  first  through  a  lens,  and  then,  excepting  when  projecting 
on  a  screen,  through  a  rectangular  slit  about  10  mm.  long  by 
1  mm.  wide.  The  position  of  the  lamp  from  the  lens  is  adjusted 
till  an  image  of  the  arc  is  obtained  covering  the  three  (two 
moving,  one  fixed)  small  oscillograph  mirrors.  The  light  is 
reflected  back  from  these  mirrors  and,  being  condensed  by  a 
lens  which  is  immediately  in  front  of  them,  it  converges  till  an 
image  of  the  slit  is  formed  on  the  surface  where  the  record  is 


al]  ■Diilmi-.ty  fr«]uer.citn  with  pi-n'ecl  anu-i;,-.     I',  is  i.™~  tn  rrjiair.  anfl  more  porUhle. 
owing  to  the  fact  that  The  magnetic  fiild  ir.  jj-i'l  ■;,-<-■]  hv   I  ;..Tiii.iii'.i-.t  mjtfiurt  iu&tcac*  of 

II  required,  the  instnimmt  is  rayrc  cisily  insulaK-'l  than  <jth<T  typci. 


desired.  All  that  is  necessary  now  to  obtain  a  bright  spot  of 
light  instead  of  this  line  image  is  to  introduce  in  the  path  of  the 
beam  of  light  a  cylindrical  lens  of  short  focal  length. 

Ques.  What  is  the  function  of  the  mirrors  on  the 
vibrating  vane? 

Ans.     They  simply  control  the  direction,  ot  &  \jeasn.  <&  'fes&ft. 
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I]  bo 


;e  I,  l.Hv. 


ttwfulWuriplvvoltuinriaLniiiiiilL.itclvl 
in  high  voltaic  work  anil  therefore  thi 
to  the  oscillograph  vibrator.  Theresi: 
j.iiiK  ;.ii'Kiin-  Ihii  for  adjusting  thi 

practice  Rs  is  uKu:illyapart  of  Ri, an ...      .... 

brought  out  near  one  end  to  servo  an  Rs.    One  of  thi 


introduce 
rt  duplies 


circuit.    The 

Rk™  Referring  » 

. ridentally  brakei. 

is.-!!.  Thisustiotpenuissib* 


t  R,.bt 


igh  voltage  resistances,  two  lapsus 
..      3  taps  ia  usually  M  ohms  dutut 

id  the  other  only  5  ohms  from  the  end.  The  use.  of  these  taps  lis" 

follows:  The  large  hanstmi  d  consisting  of  Ri+Ri  ia  so  chosen  with  respect  to  the  volts* 

of   thr   circuit    u-.-.i'.r:   in  v(»:t  initio-,    that  the  current  through  Ri  ia  about   .1  ampere,  ll 
ifr.:,;.^!:..'.  f'i-  Ki.wir  i;:ri:j(;:j".trr.ij.'i«S'jaiIy.    Bm  Ri  ia  connected  to  the  BO  ohm  lap,  and 

l>v  menns  of  Ki.  the  current  can  be 

.(Ml  <.f;.ii  Mill-  :-t,  nii.i'lirinanopcn 

now  be  desired  to  record  large  rises  of  pressure, such  as  n 

i .  1 1  i  ■  c- .  the  height  of  Hit  BOM  must  bt  reduced  in  order  tokeet  Ihtst 

aivr.mj>Ushed  by  di*.:onm-c-;inK  K)  from  Hit:  50  ohm  tap  and  cc 

tap,  when  the  current  through  the  vibrator  will  be  from  .OS  to  Jr 

i,>  ivIim'mt  trtiTcsis'ance  Ri  is  in  or  out  c 

the,  rnrBjri(..^r3«*t:n.mi-:ni)  Liana:  used,  i ■ ■  .   

I  up  «i!\r.-e  i-  l-  wi.it  li  ot  the  fiLru  is  mm-h  li-ss  than  that  of  the  plate,  and  tho  current  moat 
therefore  be  Im.  In  eiperlmenta  where  sudden  rises)  ot  ntluujs  an  sanecWdsUl 
ojieu  aJrilobletokttp  Ri  *s rrtatas  poisiblt.  Thnt  end  of  the  resistanceRi  referred  tosiKi 
it.  i'ii-  .!  i.i..;:  im  ■-. !  i  ■  .n  1. 1  I  ,;.■  ■,x'.LL',:y  voi  i!i<-:  ttd  io  the  supply  main  and  no  switch  or  fuss  osed. 
A  switch  may,  if  desired,  bou  led  in  series  with  Ri.  provided  it  be  inserted  at  the  point  where 
Ri  ■■  Lr.s  thi-  v,n  T:ly  iimti  remote  fr:im  Hi.  It  will  be  seen  that  fuses  fi  and  f I  are  ihon. 
Pmii.-l.-rl  tYv.  the  (-,irir:n"i.,:r;  a: ,-  nlmivs  mr„i<;  in  nminlaiw  with  thediaerarn.  and  tbs 
,'j  shunted  by  Bi  or  Ki  reaptcuvrty1,  there  ia  not  much  objcci ion  to  the 


tnUu  plate.    Thiail 
itead  of  using  the,/j"isi  i>f"». 


wft/.Tl  t-.i.-i  I.i 
made  about  ki 
*rm*r*  applies  u 


'fjnelj-   ivi-h   t-ic'i  (U:rr.i(i:ir:n1.  m-cmt  aYulngraph,  dummy  fuses  are  aupp&sl 

It-  intrri,.!  in  ji'.Mr  oi  1  hi-  'iv'.iiim,-  fnws  when  desired.    The  remark  frmxil  i 

keeping  h-th  PifcrnlorJ  and  the  from*  o)  As  iwlrwswal  at  tteroatfasUst*  ttesssw  i 

Plies  with  additional  emfaani  in  tiia>  tiiwmwss.  1 
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in  a  horizontal  plane  in  such  a  manner  that  its  deflection  from  a 
zero  position  depends  on  the  current  passing  through  the  in- 
strument, and  it  is  therefore  evident  that  the  oscillograph  is 
not  complete  without  means  of  producing  a  time  scale. 


SYNCHRONOUS 
NOTOR 


*2 

r— AAAAAAAAAAA/v-J 


4 


Fic.  2.617. — Diagram  of  connections  of  Duddell  oscillograph   to  low  pressure  circuit,     Ri 
is  a  high  non-inductive  resistance  connected  across  the  mains  in  series  with  one  of  the 
vibrators.    S»  is  a  switch,  and  f*.  the  fuse  (on  the  oscillograph  in  this  circuit).    The  resistance 
of  Rt  in  ohms  should  be  rather  more  than  ten  times  the  voltage  of  the  circuit,  so  th.it  a 
current  of  a  little  less  than  .1  of  an  ampere  will  pass  through  it.    The  vibrator  will  then 
give  the  curve  of  the  circuit  on  an  open  scale.     (For  the  projection    oscillograph,  the 
resistance  Ri  should  be  only  twice  the  supply  voltage,  since  .5  of  an  ampere  is   required 
to  give  full  scale  deflection  on  a  large  screen.)   To  obtain  the  current  waveform,  the  shunt 
Rs  is  contucitd  in  series  with  the  circuit  under  investigation  and  the  second  vibrator  is 
commuted  across  this  shunt.    Here  also  ft  is  a  fuse.  Si  a  switch,  and  Rs  an  adjustable  resist- 
ance box.    The  switch  St  is  however  unnecessary  if  the  plug  resistance  box  supplied  for 
Rs  be  used,  since  an  infinity  plug  is  included  in  this  box.    The  shunt  Rs  should  have  a  drop    . 
of  about  1  volt  across  it  in  order  to  give  a  suitable  working  current  through  the  vibrator. 
The  resistance  Rs  is  not  absolutely  essential,  but  it  is  a  great  convenience  in  adjusting 
the  current  through  the  vibrator.    It  is  a  plug  resistance  box,  the  smallest  ceil  being  .01  of 
an  ohm  and  the  total  21  ohms.    Being  designed  to  carry  .5  ampere  continuously  it  can  be    ^ 
used  with  any  other  type  of  Duddell  oscillograph,  and  by  its  use  the  sensitiveness  of  thft^ 
vibrator  can  be  adjusted  so  that  a  round  number  of  amperes  in  the  shunt  gives  1  nnf 
deflection.     This  adjustment  is  best  made  with  direct  current.    It  should  be  noted  ft' 
connecting  the  oscillograph  in  circuit,  that  the  two  vibrators  should  be  so  connected  to  tk 
circuit  that  it  is  impossible  that  a  higher  pressure  difference  than  50  volts  should  exist  betmeei 
one  vibrator  and  the  other,  or  between  either  vibrator  and  the  frame.    To  ensure  attentioi 
to  this  important    point,  a  brass  strap  is  provided  which  connects  the  two  vibrator* 
together  and  to  the  frame  of  the  instrument.    This  does  not  mean  \2toX  \fcC\a  v&cft-  xcwsV 
necessarily  be  earthed  since  the  frame  of  the  instrument  is  vosutateA  Itoki^ca  *ax>&&~  AX 
hmdwismNe,  however,  to  earth  it  when  potable. 

J 
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Ques.  How  is 
the  time  scale 
produced? 

Ans.    Either  the 
surface    on    which 
the  beam  of  light 
falls  may  be  caused 
to  move  in  a  verti- 
cal   plane   with  a 
certain  velocity,  so 
that  the   intersec- 
tion of   the  beam 
and  the  plane  sur- 
face traces  out  a 
|i-S|  curve  connecting 
"  I  current  with  time 
|  (a  curve  which  bc- 
1 1   comes  a  permanent 
f||   record  if  a  sma- 
ll  tized    surface  he 
§a|  used);  or,  the  sur- 

1 1  face  may  reniai" 
f  «  stationary-  ami  i'1 
I*  the  path  of  tto 
||  horizontally  v> 
5-^  brating  beamr.ay 
>$  be    introduced    ^ 

1 2  2  mirror    which   i'- 
%J|  tales  or   vibrates 

la  about  a  horiar.tt 
El  axis.thussuper,^' 
t~^i  '■vwt^.Mfs.tical  i-i° 


WAVE  FORM  MEASUREMENT  1,865 

to  time  on  the  horizontal  vibration  which  is  proportional  to 
current,  and  causing  the  beam  of  light  to  trace  out  a  curve  con- 
necting current  and  time  on  the  stationary  surface. 

Ques.  What  kind  of  recording  apparatus  is  used  with 
the  Duddell  oscillograph? 

Ans.     A  falling  plate  camera,  or  a  cinematograph  film  camera. 


1IA  H'A'/.V.V  KLKCTRICITY 


feet  i>tT  second. 


Ques.  Explain  the  operation  of  the  falling  plate 
camera. 

Ans.  In  this  arrangement  a  photographic  plate  is  allowed 
to  fall  freely  by  the  force  of  gravity  down  a  dark  slide.  At  a 
certain  point  in  its  fall  it  passes  a  horizontal  slit  through  whir!' 
the  beams  of  light  from  the  oscillograph  pass,  tracing  out  the 
curves  on  the  plate  as  it  falls. 

■cd  of  tlie  | Jiit c  at  the  moment  of  exposure  is  ahem:  13 
This  sjHiil  is  very  suilatilc  for  use  with  frequencies  <A 

Vvai.1M\  to  a,«23.-Inlerior  of  cim-maiocraph  c.-irv.. ;.,  *-. 

:»;  i. ml  ii:j  illnyrajih  lui  ubrjlnlnc 
!■  ■--*-  s:,l,-..f  i-,-l>,.._MS)il:wn!;,:!    ,-.,-■. 

The  spool  (if   1:1'         ii ii  !i  i.n  ji!  ...<.d  i'.i  tlif"  !nw  i,.  i  .'., 

[i j'   i  i:  ImlVy   II.    '.In  l   eerti   .,..■.■  ri  .■'■ 

--■  «-tw«n  the  l>r.:.<  *..■(.  I)  ,Vh,ii.„"..„,-,  ,-. 

,.  ,,l4kki.ti.'.i:i  I'.   TheeijHiiurt 

■i;    I         ,li„.  ,,!:..,■<■:„:,!,  .-.„>,.  u,„  ..,,, I  ,., 

ii-UT    '  ■•:  1  -.,-  --.j    l.y    til,.  i,-i    ■■  M 

.._„.    i  Af  in  lln.-I.iat..  f*.  ataj  liu- if >ri:-..-<. -.-.-'-:  'i 

I!mhnvfiig"y  l^nTuiMVi'vii.ii;  li^'iVj,',.- 

wrikii  i-'iiiws  ni"h  the   [K-iJirii^..|;t  ,,:i  !:.,■  Hi" 
t  [rum  '.he  ml  A   lunv!  H.    re- 
sile ti  a  three  .I....1  i.ia  t-ulVv.     This  iV.:;;i' 

by  a  motor  of  ;il-.ut  1  lu.r-e  t-iref.  «;;:  ii  j:- 

drives,  through  tin-  p..:  s  ihmn,  il«s  ,!■-■■  i. 

»■  t.i  1h.. ,  ri.ivL-1  , ......  ,«::,Vi- ., 

n    jnekiy  j.,.;;.!-    I.,  ...■.:.!   a   i -.,. 

n-m-ia'  ■■■  ■■..  M  t-.i-i-lu'trv-i.,:. 

igU-d;...M.i-.-:r,-li.,,:,.i„.-lli...:,].    ii: 

■ *■  is  :.it..,hi-.]  in  il  ,  :.!Y. 

.  ...    I..:ik.-  ..in   l#(iiiM,.v.  ■.  f 

tl.i:    i,'::.'    lime  tho  jukiv  I.li".  ■ 

caiml   to  ti«h!..:HlH!l«..|t(in!olh*i!t-nrili.    ■ 

pulley,  to  thai  the  Marine;  nj.d.  !.:,|i(,ii.,;  r:i  ■■ 

film  is  coutmlli'-l   ii'.i|i'|xiii|n:TK-  i,f  ilie  driv.M 

motor,    itiii  t»-ii.iT   .junkie    iimmiriiislnd   :.-..:S 

wastr  of  film.     Both  null  ar.  alike  nil  ta  r.  i- 

rn. .. leu;  l»i. i<n.:.s.  Theuppn 

reel  i,  ii..,e  )«,  iwaiiescfffc- 

Ti:.,.|..n  i*  t Virile.)   ^whtlv  >i'i 

I^S^^*-  fin -|..-1  T..ke.     Th«loir«n*l 

■      ........  .....  ........ h.,;„!lv,M... 

.■elfofii/ 
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from  40  to  00  periods  \xt  second.    A  doth  hog  is  used  to  introduce  the 
plate  to  the  slide. 

A  catch  holds  the  plate  until  it  is  desired  \o  lot  it  fall.  Inside  the  case, 
is  a  small  motor.  100  or  200  volts  direct  current,  driving  lour  mirrors 
which  arc  fixed  alxmt  a  common  axis  with  their  planes  parallel  to  it. 


the  ruah  of  current  and  sudden  riuoi  lOltaSe  ui  ihr  moment  c.f  !vi!i*'»(  ..»  .,■  hiih 

By  l-oking  through  »  snudl  slut  in  the  end  of  the  eatiura  inl.i  tluw 

rotating  minors.  I  In:  ol.^Twr  sirs  tile  wave  f'lnn  wiiuli  il.e  i.si  illc.^rap]] 
is  Iradng  nut  and  is  tlms  ahle  to  make  sure  that  he  is  ulitaining  the 
particular  wave  form  or  other  curve  desired  Injure  exposing  the  plate. 


The  p'ale  falls  intc 
Mltom  of  the  slide. 
3U"{VT.l  X  8.3  cm.). 

Ques.     For    what    use    is    the    cinematograph    camera 
iapted ? 

Ans.     For  long  records. 
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For  instance,  in  investigations,  such  as  observation  on  the  paralleling 
of  alternators,  the  running  up  to  speed  o£  motors,  and  the  surges  which 
may  occur  in  switching  on  and  off  cable,  e'.c.  The  cinematograph  camera 
fits  on  to  the  falling  plate  case  and  by' means  of  which  a  roll  of  cinemato- 
graph film  can  be  driven  at  a  uniform  speed  past  the  exposure  aperture, 
enabling  records  up  to  50  metres  in  length  to  be  obtained.  An  interior 
view  of  the  cinematograph  camera  is  shown  in  fig.  2,631. 


Pic.  2.G2S.— Pressure  wave  obtained  lnno  r 
indicating  distribution  nf  fold  flux.  Tne 
*  tgrt  wave.     Ou  cycles;   about.  17  voW*. 
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SOME  OSCILLOGRAPH  RECORDS 


TTi*  waves,  of  volugt  „ij  mmRt  rf  a„  „1 
^  »h<,w""«  I""  pow„  factor  of  the -re- 
-Rupturing  ASO  volt  circuit. 
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CHAPTER    LXIV 


SWITCHBOARDS 


eneral  Principles  of  Switchboard  Connections. — The 

[■connection  of  generators,  transformers,  lines,  bus  bars,  and 
ches  with  their  relays,  in  modern  switchboard  practice  is 
vn  by  the  diagrams,  figs.  2,630  to  2,045.  The  figures  being 
*rcd  A  to  J  for  simplicity,  the  generators  are  indicated  by 
k  discs,  and  the  switches  by  open  circles,  while  each  heavy 
represents  a  set  of  bus  bars  consisting  of  two  or  more  bus 
;  according  to  the  system  of  distribution.  It  will  be  under- 
d,  also,  in  this  connection,  that  the  number  of  pole  of  the 
ches  and  the  type  of  switch  will  depend  upon  the  particular 
em  of  distribution  employed. 

Diagram  A,  shows  the  simplest  system,  or  one  in  which  a  single 
generator  feeds  directly  into  the  line.  There  are  no  transformers  or 
bus  bars  and  only  one  switch  is  sufficient. 

In  B,  a  single  generator  supplies  two  or  more  feeders  through  a  single 
set  of  bus  bars,  requiring  a  switch  for  each  feeder,  and  a  single  generator 
switch. 

In  C,  two 'generators  are  employed  and  required  and  the  addition  of 
a  bus  section  switch. 

Df  represents  a  number  of  generators  supplying  two  indci>endcnt 
circuits.  The  additional  set  of  bus  bars  employed  for  this  pun>ose 
necessitates  an  additional  bus  section  switch,  and  also  additional  selector 
switches  for  both  feeders  and  generators. 

E,  shows  a  standard  system  of  connection  for  a  city  street  toxVnw] 
qrstem  havii^  a  large  number  of  feeders. 
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This  arrange- 
ment allows  any 
group  of  feeders 
to  be  supplied 
from  any  group 
of  generators. 


hank,  switch 
and  line.  The 
arrangement   as 

used  where  a 
number  of 
plants  supply 
the  same  system. 
G,  represen  s 
a  system  having 

bus  bar  and 
transformer 
switch  is  used 
on  the  high  ten- 
sion side. 

H,  shows  a 
number  of  gen- 

nected  to  a  set 

bus  bars  through 
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I,  shows  the  connections  of  a  system  having  a  large  number  of  I 
supplied  by  several  small  generators.  In  this  case,  the  plant  is  d 
into  two  parts,  each  of  which  may  be  operated  independently. 

J,  represents  the  arrangement  usually  employed  in  modem 
where  the  generator  capacity  is  large  enough  to  permit  of  a  gen 
.-„^„f^,_„-  .,«:c  combination  with  two  outgoing  lines.    By  opt 


transformer  u 


in  fiorallfl  cm  the  high  lotision  side  only,  any  generator  can  b 
any  transformer.  The  wYuAe  \Aaxrt.  can  be  run  in  parallel,  t 
parts  can  bo  run  separately. 
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tchboard  Panels. — -The  term  "panel"  means  the  slab 
'ble  or  slate  upon  which  is  mounted  the  switches,  and  the 
ring  and  controlling  devices.  There  are  usually  several 
comprising  switchboards  of  moderate  or  large  size,  these 
being  classified  according  to  the  division  of  the  system 
hey  control,  as  for  instance: 


nil.,:;  r.fi    tin:    >^pi  fMl  n;i  r  1 1 .     Yhf:  :.'v:Ei  h  ^ n ' h- .. -r  [',  |.l;lcc.i  on 
Iwhi.  I.rliiil,  and  ir:d><-;i!'.i-  nr.'tv  "n   the  !n>nt  side.     The?  ci 


twitch  ('ir  use  mi  n  t»o«irr  syitem  hii  two  ciituin 
-  ivj.'micrpi-  reiuliiiga.  i\  six  niciift  -Ja\\i™\«  uA 
>., :_,  jjf item,  h«  torn  tfaoiM  ta  bb™^  *»■ 
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1.  Generator  panel; 

2.  Feeder  panel; 

3.  Regulator  panel,  etc. 

In  construction,   the  marble  or  slate  should  be  free  from 
veins,  and  for  pressures  above,  say,  600  volts,  live  connections,  «.. 
etc.,  should  preferably  be  insulated  from  the  panels  by  ebonite, 
or  removed  fr.  .hi  ilium  ahr^rther,  as  is  generally  the  case  with  the 
Dating  gear  where  the  switches  are  of  the  oil  type. 


f3! 

+ 

\  1 

_ 

VOLTMtttR 

%      % 
.     %     1 

4  \JL 

and  2,6W,— Wiring  diagrams  of  Crooar-Hindi  voltmeter  and  ground 
ft.    Pig.  2.'14!+  vntmu'ter  rwitch;  fig.  2.6*0  voltmeter  and  ground  detector 


The  bus  bars  and  connections  should  be  supported  by  the  frameitwk 
at  the  back  of  the  board,  or  in  separate  cells,  and  the  instruments  thoold 
be  operated  at  low  pressure  through  instrument  transformers. 
The  panels  are  generally  W4  m  yi«afian\ri  bolting  them  to  an  anjlt 
iroa,  or  a  strip  iron  f  ramewenlt  Vx&nsA.  ttuaa. 
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Iterator  Panel. — This  section  of  a  switchboard  carries  the 
tments  and  apparatus  for  measuring  and  electrically  con- 
lg  the  generators.  On  a  well  designed  switchboard  each 
ator  has,  as  a  rule,  its  own  panel. 


,A\ 


r.  =p£« 

--—' 

'     : 

..  iL=i» 

ft-™,! 

i 

"tB,  ... 

^T" 

^£jy-- 

'■ — - — 

T*.  taiUBii  «*nJ  <>.•  w*"  u 


-a tine  a  simple  method  of  determining 

7    I,    M;'ikc  n  vwh  pliin  i.f  tl  -■■.". 

■ml.     Ihnr.lrt  af  frnrls  sh 

,1  li.-st.  ;nl,i(it.-.l  In  iuv.ir^  riT 

Ui-vs!    'iSv'lk'sii'^j'l'i^J1' 
■J-..y  ...Hi.V.v  ,*i.|vl  :,.„]  by  mrmuiliw 
-■■..■-   !  ::.  ^i.-.1-  rs  Z'ii'1  i!i  Li  ii.it1v.il  rthi.h  in 
■T.;r..r "     u-r^  "l'l'4'r"  on. ■..■.!■  ftl**(  <l/irijvl  y»MVf  f"lTdrrf  rc/rA  UJlT,  ol 

i!  l„;..w  J.i  ii. ,t  h  ■:,!.    .\..:i;  ;lLvj  ih:i!  the  fii-lii  crrt-uiUof  altrmat.> 
.  J).  <'.  f'     !■  ■--  f'.i  tlit  rii  blur  t>u*.    4.  t.Jn  taeh  panel  mark  its  a;,i| 
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operates  the  shunt  rheostat  of  the  machine,  the  rheost 
placed  either  directly  behind  the  spindle,  if  of  small  size, 
down  with  chain  drive  from  the  hand  wheel  spindle,  if  i 
raze,  a  field  discharge  switch  and  resistance,  a  lamp  neai 
of  the  panel  for  illumintaing  purposes,  a  fuse  for  the  v 
socket,  and,  if  desired,  a  watthour  meter.  If  the  dyi 
compound    wou 


ig  swit 
generally  be  1 
on  the  frame 
machine,  and  : 
cases  the  field 
will  be  operatec 
pillar  mounted 
of  the  switchba 
lery.  If  the  g< 
be  for  traction  p 
the  circuit  brc 
more  often  of  tl 
imum  current  t> 
a  lightning  air 
often  added,  wi 
choke  coil,  the  I 
well  as  further  li 
arresters  being  n 
on  the  feeder  p 

In  the  case  oi 
pressure  altcmat 
rent  plant  of  o 
able  size,  the  b 
oil  switches,  ai 
current     and     j 
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ransformers  are  generally  mounted  either  in  stoneware  cells,  or 
milt  on  a  framework  in  a  space  guarded  by  expanded  metal 
(rails,  and  no  high  pressure  apparatus  of  any  sort  is  brought 
m  to  the  panels  themselves. 


Feeder  Panel. — The  indicating  and  control  apparatus  for 
a  feeder  circuit  is  assembled  on  a  panel  called  the  feeder  panel. 

The  most  common  equipment  in  the  case  of  a  direct  current 
feeder  panel  comprises  an  ammeter,  a  double  pole  switch,  and 
double  pole  fuses  or  instead  of  the  fuses,  a  circuit  breaker  on  one 
or  both  poles;  in  the  case  of  a  traction  feeder  a  choke  coil  and 
ft  Hghtmajr  arrester  ore  often  added. 
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Csi& 


Pics.  J.*fi7  im-1  2.<i<.v-l>iwmm<  of  mmi^t™,  W  twopbwe— -  . 
d^-.'j^  r.-,.i. :-■■■;    I-,  !.,-.„■■  V  S..&.W  iimjdt;  UA-^b 
PP     nn-uatre  li'iii'1  I'  K  .  tTi-.isvm'  TitcpVacV.VA..  V» 
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:  equipment  of  a  typical  high  pressure  three  phase  feeder 
is  an  ammeter  (sometimes  three  ammeters,  one  in  each 
0  operated  by  a  current  transformer,  and  oil  break  switch  with 
overload  release  coils,  or  three  if  the  neutral  of  the  circuit 
.rthed,  the  releases  being  operated  by  current  transformers. 


is  (hows  in  fig.  3.170. 


U;I.""W:w'iri£! 


e  switch  when  on  a  larf;e  system  is  often  in  a  cell  some 
ice  behind  the  panel,  and  is  then  controlled  by  a  system  of 
;,  or  by  a  small  motor  which  is  started  and  stopped  by  a 
,•  over  switch  on  the  panel,  in  which  case  there  is  generally 
p  or  lamps  on  the  panel  to  show  whether  the  switch,  is  onen. 
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Air  brake  switches  or  links  are  placed  between  the  bus  bars  and  the  oil 
switch  to  allow  of  the  latter  being  isolated  for  inspection  purposes,  and  as t 

fieneral  rule  no  apparatus  carrying  high  pressure  current  is  allowed  on  the 
ront  of  the  panel.  With  both  direct  and  alternating  current  feeders,  i 
watthour  meter  is  often  added  to  show  the  total  consumption  of  the  circuit. 

A  typical  three  phase  generator  panel  is  provided  with  three  ammeters, 
one  in  each  phase,  operated  from  three  current  transformers,  one  to  eadi 
ammeter,  a  volt  meter,  a  power  factor  indicator,  and  an  indicating 
watthour  meter,  all  operated  from  one  or  more  pressure  transformer, 
and  the  necessary  current  transformers,  the  operating  handle  of  the  oil 
switch,  which  is  connected  to  the  switch  itself  by  means  of  rods,  two 
ii  releases  operated  by  current  transformers,  or  a  reverse  relay 


■witch  u  illustrated  in  fig.  MM. 


between  the  secondary  of  a  pressure  transformer  and  the  synchroniiff 
on  the  synchronizing  panel,  and  a  lamp  for  illuminating  purposes, 
while  on  the  base  of  the  panel  or  on  a  pillar  at  the  front  of  the  gallery  i» 
mounted  the  gear  for  the  field  circuit.  This  consists  of  a  double  pofe 
field  switch  and  a  discharge  resistance,  an  ammeter,  a  handle  for  lie 
rheostat  in  the  generator  field,  and  (if  each  alternator  have  its  owndirect 
coupled  exciter)  possibly  also  a  small  rheostat  for  the  exciter  field. 


the  hack  of  the  panel, 


ir  lamps  to  indicate  wht 


>f  the  plant  to  not  wygrat.  the  oil  unit* 

.L  fiTT«\\  ^nstt'jmuen,  Ac.oti  the  f i wind 

fit  Uw  to»&.    \Tt™*  >iff  qnp*nQI  ^^*^a«v»^ 
titaiU-y \»t «    —  "' 
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CHAPTER  LXV 

ALTERNATING  CURRENT  WIRING 


In  the  case  of  alternating  current,  because  of  its  peculiar 
behaviour,  there  are  several  effects  which  must  be  considered  in 
making  wiring  calculations,  which  do  not  enter  into  the  problem 
with  direct  current. 

Accordingly,  in  determining  the  size  of  wires,  allowance  must 
he  made  for 

1.  Self-induction; 

2.  Mutual-induction; 

3.  Power  factor; 
L  Skin  effect; 

5.  Corona  effect; 

6.  Frequency; 

7.  Resistance. 

Most  of  these  items  have  already  been  explained  at  such  length,  that 
only  a  brief  summary  of  facts  need  be  added,  to  point  out  their  connec- 
tion and  importance  with  alternating  current  wiring. 

Induction. — The  effect  of  induction,  whether  self-induction 
r  mutual  induction,  is  to  set  up  a  back  pressure  of  spurious 
distance,  which  must  be  considered,  as  it  sometimes  materially 
Sects  the  calculation  of  circuits  even  in  interior  wurvT^. 

^&^Z/SJ^  &"*  produced  by  the  action  oj  tKe  electric  cutt« 
*j*m  wvdurtng  varuUtons  in  strength. 
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Ques.    What  conditions  besides  variations  of  current 
strength  governs  the  amount  of  self-induction  in  a  circuit? 

Ans.     The  shape  of  the  circuit,  and  the  character  of  the  sur- 
rounding medium. 

If  the  circuit  be  straight,  there  will  be  little  self-induction,  but  if 
coiled,  the  effect  will  become  pronounced.  If  the  surrounding  medium 
be  air,  the  self-induction  is  small,  but  if  it  be  iron,  the  self-induction  is 
considerable. 

CURBLNT  IN  PHASE 
WITH  PRESSURE. 


CURRD1T  AND  PRESSURE 
CURVES 


PRtSSUtt 


CURRENT 


f^Z 


CAft 


PRESSURE 


CURRENT 


£$br 


LA* 

V*'  HIGHLY  INDUCTIVE.  CIRCUIT 

Pigs.  2,671  to  2,67»i. — The  effect  of  self-Induction.  In  a  non-inductive  circuit.  »ij 
fit?.  2.H72,  the  whole  of  the  virtual  pressure  is  available  to  cause  current  to  flow  throw 
the  lamp  tilument.  hence  it  will  glow  with  maximum  brilliancy.  If  an  inductive  coil  \* 
inserted  in  the  circuit  as  i:i  litf.  2,i'»7l,  the  reverse  pressure  due  to  self-induction  willow** 
the  virtual  pressure,  hcr.ee  the  effective  pressure  (which  is  the  difference  betwee.i  t""* 
virtual  and  reverse  pressures),  will  be  reduced  and  the  current  flow  through  thclamp 
diminished,  thus  reducing  the  brilliancy  of  the  illumination.  The  effect  maybe  icttc- 
sirted  to  such  degree  by  interposing  an  iron  core  in  the  coil  as  in  fig.  2,676,  as  to  cxtinguia 
the  lamp. 

Ques.    With  respect  to  self-induction,  what  method 
should  be  followed  in  wiring? 

Ans.     When  iron  conduits  are  used,  the  wires  of  each  circuit 
should  not  be  installed  in  separate  conduits,  because  such  arrange- 
ment  will  cause  excessive  scU-m&xc&oa.. 

The  importance  of  ttns  may  ^•""i^^SSSS^S^ 
tractor,  w*o  installed  W«*  «Amw»»«VB»»«*W.  ^ 
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the  current  was  turned  on,  it  was  found  that  the  self-induction  was  so 
great  as  to  reduce  the  pressure  to  such  an  extent  that  the  lamps,  instead 
cf  giving  full  candle  power,  were  barely  red.  This  necessitated  the 
removal  of  the  feeders  and  main  and  rc-installing  them,  so  that  those  of 
the  same  circuit  were  in  the  same  pipe. 

Outs.     What  is  mutual  Induction? 

Ans.     Mutual  induction  is  the  effect  of  one  alternating  current 
ircuit  upon  another. 


»im*dfoj>t*n™»  K^d^ae™*^'!"  L^nneet  alte 

Then  L-  VE'  +  E'  +  2./I.     If  ttw  resistance  X{  be  to 

able  for  use  with  alternating  currenl,  the  snitch  and  R 

nay  be  dispensed  with.     Then 

L- Ve»  — X*l'.  4-3*/  I,  where  If  is  the  value  of  the  a 

tainting  currenl.    The  resist- 

current  negligible  im  compared 

with  that  through  XI. 

Ques.     How  is  it  caused? 

Ans.     It  is  due  to  the  magnetic  field  surrouTtdvu^  a.  wjwJw&ot 
itting  adjacent  conductors  and  inducing  back  ptessosts  ^2aEK««^- 

This  effect  as  a  ruin  in  ordinary  installations  \a  negftfc*?*- 
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Transpositions. — The  effect  of  mutual  induction  1 
two  circuits  is  proportional  to  the  inter-linkage  of  the  magnetic 
fluxes  of  the  two  lines.  This  in  turn  depends  upon  the  proximity 
of  the  lines  and  upon  the  general  relative  arrangement  of  the 
conductors. 


X 


Pic.  3.678. — TnuiipoBtion  diagram  tor  two  paraDel  Una  i  midiliiiif  of  two  wina  m 


m  i.unr. —  i  ranspusuiun  uiagram  for  three  phase,  three  wire  line,  truapoafag  at  the  tt 
of  an  enuilnteral  triangle.     The  line  is  originally  balanced  and  become*  ui  ' 
tniupoung,  a  procedure  which  ihould  be  resorted  to  only  to  prevent  mutual  in 


The  inductive  effect  ot  one  lina  u^on  another  is  equal  to  the 
algebraic  sum  of  the  fluxes  due,  Vo^e«^«cro».«K*»aSM«.</the 
first  line,  considered  sepa^^.^^V^^^**^^ 
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*  effect  of  mutual  induction  is  to  induce  surges  in  the  line 
:  a  difference  of  frequency  exists  between  the  two  currents, 
o  induce  high  electrostatic  charges  in  lines  carrying  little 
current,  such  as  telephone  lines. 


INDUCTANCE  PER  MILE  OF  THREE  PHASE  CIRCUIT 
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This  effect  may  be  nullified  by  separating  the  lines  and  by 
transposing  the  wires  of  one  of  the  lines  so  that  the  effect  pro- 
duced in  one  section  is  opposed  by  that  in  another.  Of  tin 
parallel  lines  consisting  of  two  wires  each,  one  may  be  trans- 
posed to  neutralize  the  mutual  inductance. 

Pig.  2,678  shows  this  method.  The  length  L' should  bean  ereufaflor 
of  L  so  that  to  every  section  of  the  line  trwnapaeed  there  corresponds  w 
opposing  section. 

THUCnWCUHC 


Wj  TJlj  Ijp  [Wj"£EgB?-  W 


0@r%j 


Fig.  2.081. — Capacity  effect  in  angle  chase  transraistion  line.    The  effect  is  the  same  ai  ™M 

-.™rit„  L,„=iy.,'  tbatcl  an  infinHeontllaajtt  of  circuit.    For  the  purpose  of  caleaUW 
:nt,  a  very  simple  and  sufficiently  accurate  method  il  to  dcttnniM  lie 


loss  depending  on  the  loa 
three  phase  ti 


c  2,082. — Capacity  effect 

[T'"]u-L'.d  l>\r  =lmn:inH  II".-  j-ii'--  ■  <■■  ""  "  i 
in  Etur  with  the  KfUtval  pi;:;t.  RiM^nrt'.'i. 


ncy  of  tl 


moat  eases  by  considcrinK  the  line  shunted  at  each  end  by  tl.._  _ 

star,  tho  capacity  of  each  condense*  being  equal  to  that  formed  by  any  two  wire* at™ 
line.    An  approximate  v.iiu'.-  for  tin-  ,  hjr^inH  current  per  wire  is  the  canrnt  (eqnirBj u 

the  generating  end  otftW  line  between  'I'-.-/  one  wire  and  the  neutral  point. 

The  self  inductance  of  lines  is  readily  calculated  from  the  following 
formula: 

L  =  .000558  {  2.303  log  (2  A  4-  d)  +  .25  }  per  mile  of  circuit 

L  =  inductance  of  aAoop  oi  a.  three  phase  circuit  in  henrys. 

/Vole— The  inductance ola.oju\^\£tjfcMn£*L^»a*tmxcS,—  L  X  2  *  Vl 

A  =  distance  between,  inns', 
d  =  diameter  ot  wire. 
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parity. — In  any  given  system  of  electrical  conductors,  a 
ure  difference  between  two  of  them  corresponds  to  the 
nee  of  a  quantity  of  electricity  on  each.     With  the  same 


ACITY  IN  MICRO-FARADS  PER  MILE  OF  CIRCUIT  FOR 

THREE  PHASE  SYSTEM 


s. 

Diam. 

Distance 
c  A  in 

Capacity 

Size 
B.&S. 

Diam. 
.in 

Distance 
,  A  in 

Capacity 

• 

inch. 

inches. 

micro-farads. 

inch. 

inches. 

micro- 
farads 

.46 

12 

.0226 

4 

.204 

12 

.01874 

18 

.0204 

18 

.01726 

24 

.01922 

24 

.01636 

48 

.01474 

48 

.01452 

( 

.41 

12 

.0218 

5 

.182 

12 

.01830 

18 

.01992 

18 

.01690 

24 

.01876 

24 

.01602 

48 

.01638 

48 

.01426 

) 

.365 

12 

.0124 

0 

.162 

12 

.01788 

18 

.01946 

18 

.01654 

24 

.01832  | 

24 

.01560 

48 

.01604 

48 

.0140 

) 

.325 

12 

.02078 

4 

.144 

12 

.01746 

18 

.01898 

18 

.01618 

24 

.01642 

24 

.01538 

48 

.01570 

48 

.01374 

I 

.289  ' 

12 

.02022 

8 

.128 

12 

.01708 

18 

.01952 

18 

.01586 

24 

.01748 

24 

.01508 

48 

.0154 

48 

.01350 

2 

.258 

12 

.01972 

9 

.114 

12 

.01660 

18 

.01818 

18 

.01552 

24 

.01710 

24 

.01478 

48 

.01510 

48 

.01326 

3 

.229 

12 

.01938 

10 

.102 

12 

.01636 

18 

.01766 

18 

.01522 

24 

.01672 

24 

.01452 

i 

48  j 

.01480 

\  ^ 

I  &\3fcl»k 
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charges,  the  difference  of  pressure  may  be  varied  by  varying  tb 
geometrical  arrangement  and  magnitudes  and  also  by  intra 
ducing  various  dielectrics.  The  constant  connecting  the  chargi 
and  the  resulting  pressure  is  called  the  capacity  of  the  system. 

All  circuits  have  a  certain  capacity,  because  each  conductor  acts  lib 
the  plate  of  a  condenser,  and  the  insulating  medium,  acts  as  the  dielec 
trie.    The  capacity  depends  upon  the  insulation. 

For  a  given  grade  of  insulation,  the  capacity  is  proportional  to  the 
surface  of  the  conductors,  and  universally  to  the  distance  between  them. 

A  three  phase  three  wire  transmission  line  spaced  at  the  corners  of  an 
equilateral  triangle  as  regards  capacity  acts  precisely  as  though  the 
neutral  line  were  situated  at  the  center  of  the  triangle. 

The  capacity  of  circuits  is  readily  calculated  by  applying  the  following  formulae: 

C  ■»  -— ->~ --,;   per  mile,  insulated  cable  with  lead  sheath; 
log  (D  +d) 

r      38.83  X  10-'  ,      •     ,         A  ^         -       -4u  _* 

^  ™  1 /jt,   ...    per  mile,  single  conductor  with  earth  return; 

log  (4A  +d)   r  • 

C  —  [~~(2  a  +d)  pcr  m*'c  °^  P*™'^  conductors  forming  metallic  circuit; 
in  which 

C  «■  Capacity  in  micro-farads;  for  a  metal- 
lic circuit,  C  =  capacity  between  wires; 


sc  =  Specific  inductive  capacity  of  insulating 
material;  -  1  for  arc,  and  2.25  t~>  3.7 
for  rubber; 


D  «  Inside  diameter  of  lead  sheath; 

d  —  Diameter  of  conductor; 

h  —  Distance  of  conductors  above  ground; 

A  «  Distance  between  wires. 


Frequency. — The  number  of  cycles  per  second,  or  the  fre- 
quency, has  a  direct  effect  upon  the  inductance  reactance  in  an 
alternating  current  circuit,  as  is  plainly  seen  from  the  formula. 

X,  =  2t/L 

In  the  case  of  a  transmission  line  alone;  the  lower  frequencies  are  the 
more  desirable,  in  that  they  tend  to  reduce  the  inductance  drop  and 
charging  current.  The  inductance  drop  is  proportional  to  the  fre- 
quency. 

The  natural  period  of  a  line,  with  distributed  inductance  and  capacity, 
is  approximately  given  by 

VLC 

where  L  is  the  total  inductance  in  millihenrys,  and  C,  the  total  capac- 
ity in  micro-farads.  Accordingly  some  lower  odd  harmonic  of  tha 
impressed  frequency  may  be  present  which  corresponds  with  the  natural 
period  of  the  line.  When  this  obtains,  oscillations  of  dangerous  mag* 
nitude  may  occur.  Such  comddexicjes  ax*  Y*sa  likely  with  the  ton* 
harmonics  than  with  the  higher.. 
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Skin  Effect. — The  tendency  of  alternating  current  to  confine 
elf  to  the  outer  portions  of  a  conductor,  instead  of  passing  uni- 
rmly  through  the  cross  section,  is  called  skin  effect.  The  effect 
proportional  to  the  size  of  the  conductor  and  the  frequency. 
Ques.  What  effect  has  "skin  effect"  on  the  current? 
Ans.  It  is  equivalent  to  an  increase  of  ohmic  resistance  and 
terefare  opposes  the  current. 


S.  2,683  to  2,687. — Skin  effect  and  shield  effect.  Fig.  2,683,  section  of  conductor  {Illustrating 
ikin  effect  tt  tendency  of  the  alternating  current  to  distribute  itself  unequally  through  the 
cross  section  of  a  conductor  as  shown  by  the  varied  shading,  which  represents  the  current 
flowing  most  strongly  in  the  outer  portions  of  the  conductor.  For  this  reason  it  has  been 
proposed  to  use  hollow  or  flat  instead  oi  solid  round  conductors;  however,  with  frequency 
not  exceeding  100,  the  slob  effect  is  negligibly  small  in  copper  conductors  of  the  sizes 
usually  employed.  In  figs.  2,684  and  2,685,  or  2,686  and  2,687,  if  two  adjacent  conductors 
be  carrying  current  in  the  same  direction,  concentration  will  occur  on  those  parts  of  the 
two  conductors  remote  from  one  another,  and  the  nearer  parts  will  have  less  current,  that 
is  to  say.  they  will  be  shielded.  In  this  case,  the  induction  due  to  one  conductor  will 
exert  its  opposing  effect  to  the  greatest  extent  on  those  parts  of  the  other  conductor  nearest 
to  it;  this  effect  decreasing  the  deeper  the  latter  is  penetrated.  After  crossing  the  current 
axis,  the  induction  will  still  decrease  in  magnitude,  but  will  now  aid  the  current  in  the 
conductor.  Hence,  the  effect  of  these  two  conductors  on  one  another  will  make  the  current 
density  more  uniform  than  is  the  case  where  the  two  conductors  adjacent  to  one  another 
are  carrying  current  in  opposite  directions,  as  in  figs.  2,(585  and  2,686,  therefore,  the 
resistance  and  the  beating  tor  a  given  current  will  be  smaller.  If  the  two  return  conductors 
be  situated  on  tbeline  passing  through  the  center  of  the  conductors  just  considered,  the 
effect  will  be  to  still  further  concentrate  the  current;  the  distribution  symmetry  will  be 
further  disturbed,  and  the  resistance  of  the  conductor  system  increased.  It  is  therefore 
difficult  to  say  which  of  the  two  cases  considered  holds  the  advantage  so  far  as  increasing 
the  resistance  is  concerned.  The  case,  however,  in  which  the  phases  are  mixed  has  much 
the  smaller  reactive  drop. 

If  the  conductor  be  large,  or  the  frequency  high,  the  central  portion 
ot  the  conductor  carries  little  if  any  current,  hence  the  resistance  is  there- 
fore greater  for  alternating  current  than  for  direct  current. 

Ques.    For  what  condition  may  "skin  effect"  be  neg- 
cted? 

Ans.    For  frequencies  of  60  or  less,  with  conductors  having 
diameter  not  greater  than  0000  B.  &  S.  gauge. 
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Ques.  How  is  the  "skin  effect**  calculated  for  a  give 
wire? 

Ans.  Its  area  in  circular  mils  multiplied  by  the  frequenc 
gives  the  ratio  of  the  wire's  ohmic  resistance  to  its  combiiw 
resistance. 

That  is  to  say,  the  factor  thus  obtained  multiplied  by  the  resistan 
of  the  wire  to  direct  current  will  give  its  combined  resistance  or  resii 
ance  to  alternating  current. 

The  following  table  gives  these  ratio  factors  for  large  conductors. 
RATIO  FACTOR  FOR  COMBINED  RESISTANCE 


Cir.  mils. 
X  frequency 


Ratio 
factor 


10,000,000 
20,000,000 
30,000,000 
40,000,000 
50,000,000 
60,000,000 


1.00 
1.01 
1.03 
1 .05 
1.08 
1.10 


Cir.  mils. 
X  frequency 


70,000,000 

80,000,000 

90,000,000 

100,000,000 

125,000,000 

150,000,000 


Ratio 
factor 


1.13 
1.17 
1.20 
1.25 
1.34 
1.43 


Corona  Effect, — When  two  wires,  having  a  great  differem 
of  pressure  are  placed  near  each  other,  a  certain  phenomena 
occurs,  which  is  called  corona  effect.  When  the  spacing  < 
distance  between  the  wires  is  small  and  the  difference  of  pressui 
in  the  wires  very  great,  a  continuous  passage  of  energy  taki 
place  through  the  dielectric  or  atmosphere,  the  amount  of  th 
energy  may  be  an  appreciable  percentage  of  the  power  trail 
mitted.  Therefore  in  laying  out  high  pressure  transmissio 
lines,  this  effect  must  be  considered  in  the  spacing  of  the  wires. 

Ques.    How  does  the  corona  effect  manifest  itself? 

Ans.     It  is  visible  at  night  as  a  bluish  luminous  envelope  ant 
audible  as  a  hissing  sound. 
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ae».     What  is  the  critical  voltage? 

is.     The  voltage  at  which  the  corona  effect  loss  takes  place. 
ues.     Upon  what  does  the  critical  voltage  depend? 
is.     Upon  the  radius  of  the  wires,  the  spacing,  and  the 
^spheric  conditions. 


The  critical  voltage  increases  with  both  the  diameter  of  the  wires, 
and  the  spacing. 

The  losses  due  to  corona  effect  increase  very  rapidly  with  increasing 
pressure  beyond  the  critical  voltage. 

The  magnitude  of  the  losses  as  well  as  the  critical  voltage  is  affected, 
by  atmospheric  conditions,  hence  they  probably  vary  with  the  par- 
ticular locality,  and  the  season  of  the  year.  Therefore,  for  a  given 
locality,  a  voltage  which  ia  normally  below  the  cntkal  ^oaA^TOSf]  4fc 
tenet  be  above  it,  depending  upon  changes  in  ft»  "Hca&wR. 
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Such  elements  as  smoke,  fog,  moisture,  or  other  particles 
snow,  etc.)  floating  in  the  air,  increase  the  losses;  rain,  howevc 
parently  has  no  appreciable  effect  upon  the  losses.  It  follow? 
that  in  the  design  of  a  transmission  line,  the  atmospheric  con< 
of  the  particular  locality  through  which  the  line  passes  should  b 
sidered. 

Ques.    How  should  live  wires  be  spaced  ? 

Ans.  They  should  be  so  spaced  as  to  lessen  the  tenden 
leakage  and  to  prevent  the  wires  swinging  together  or  aj 
towers.  The  spacing  should  be  only  sufficient  for  safety, 
increased  spacing  increases  the  self-induction  of  the  line 
while  it  lessens  the  capacity,  it  does  so  only  in  a  slight  degr 

The  following  spacing  is  in  accordance  with  average  practice. 
SPACING  FOR  VARIOUS  VOLTAGES 


Volts 

i 
Spacing 

Volts 

1 
Spacing 

Volts 

Spa 

5,000 
15,000 
30,000 

28  ins. 
40  ins. 
48  ins. 

45,000 
60,000 
75,000 

60  ins. 
60  ins. 
84  ins. 

90,000 
105,000 
120,000 

9€ 
10b 
12(1 

Resistance  of  Wires. — For  quick  calculation  the  foll< 
method  of  obtaining  the  resistance   (approximately)  of 
will  be  found  convenient: 

1,000  feet  No.  10  B.  &  S.  wire,  which  is  about  .1  in< 
diameter  (.1019),  has  a  resistance  of  one  ohm,  at  a  temper 
of  68°  F.  and  weighs  31.4  pounds.  A  wire  three  sizes  1 
that  is  No.  7,  has  twice  the  cross  section  and  therefore  on 
the  resistance.  A  wire  three  sizes  smaller  than  No.  10,  tl 
No.  13,  has  one-half  the  cross  section  and  therefore  twic 
resistance. 

Thus,  starting  with  No.  10,  any  number  three  sizes  large 
double  the  cross  sectional  area  an&  axrj  ^Sxfe  \3oxea  sizes  sr 
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halve  the  cross  sectional  area  of  the  preceding  wire.  This 
rue  to  the  extreme  limits  of  the  table,  so  that  the  area,  weight 
I  resistance  of  any  wire  may  be  at  once  calculated  to  a  close 
jroximation  from  this  rule,  intermediate  sizes  being  obtained 
interpolation. 

?or  alternating  current,  the  combined  resistance,  that  is,  the 
al  resistance,  including  skin  effect,  is  obtained  by  multiplying 
:  resistance,  as  found  above  by  the  "ratio  factor"  (see  table 
ge  1,894). 


Impedance. — The  total  opposition  to  the  flow  of  electricity  in 
i  alternating  current  circuit,  or  the  impedance  may  be  resolved 
to  two  components  representing  the  ohmic  resistance  and 
e  spurious  resistance;  these  components  have  a  phase  difference 
90°,  and  they  may  be  represented  graphically  by  the  two  legs 
a  right  angle  triangle,  of  which  the  hypothenuse  represents 
e  impedance, 
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Similarly,  the  volts  I 
"drop"  in  an  alternate 
cuit  may  be  resolved  int 
components  representin 
spectively 

1.  The  loss  due  to  i 
ance. 

2.  The  loss  due  to  i 

ance. 

These  components  hi 
phase  difference  of  90° 
are  represented  graph 
similar  to  the  impedance 
ponents.  This  has  bee 
plained  at  considerable  li 
in  Chapter  XLVII  (Guic 


Power  Factor. — Whe 

current  falls  out  of  step 
the  pressure,  as  on  indi 
loads,  the  power  factoi 
comes  less  than  unity, 
the  effect  is  to  increas" 
current  required  for  a 
load.  Accordingly,  this 
be  considered  in  calcul 
the  size  of  the  wires,  f 
been  explained,  the  cv 
%0"«\o%  \a  wfc  alternating 
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into  two  components,  representing  respectively  the  active  com- 
ponent and  the  wattless  component  or  idle  current.  These  are 
graphically  represented  by  the  two  legs  of  a  right  triangle,  of 
which  the  hypothemise  represents  the  current  measured  by  the 
ammeter. 

This  apparent  current,  as  is  evident  from  the  triangle,  exceeds 
the  active  current  and  lags  behind  the  pressure  by  an  amount 
represented  by  the  angle  4  between  the  hypothenuse  and  leg 
representing  the  energy  current  as  shown  in  fig.  2,694. 


u  ti* 


MCTTJZ  OPQNEVT  R£S£TW*:£  VOLTS 

Pic  2.AJM. — Di^raxn  ihcnriac  that  tike  fcpp*rer?  cj.-al  is  rujre  th&s  the  *ctave  curr 
excess  depexk&a<  ixpws  tie  nnc>  yf  ;ibu*  d£«naue. 

Pb.  2.6t£>. — Lfcagrus  sbcmrac  cjaxrp«*=:ts  erf  r=^eiAnoe  v.'.:t.  C.r=.'z*rt  •••::§  d:Jt£T*ri  <rr£h 
figs.  2,6*0  a&d  2.471.  lead  »yi*  tiat  ibe  t*s=  '  rta»rutr»:t  »  tie  c£er«j.t  li*r»«a  tiie 
inductance  drop  and  the  caspacrrr  dryp  :f  the  tr.rcui:  '/.rUii  c*pfcc.:y.  {_.»  ir.j---k.nM-  if 
mdnctaace  drop  be  20 Tuhs  and  capacrrr  drop  be  7  vjjti  tinx  rek'/Ukiue  ]0-T«  j  v.i':u. 


Ques.    What  determines  the  heating  of  the  wires  cm 
alternating  current  circuits  with  inductive  loads  ? 

Ans.     The  apparent  current,  as  represented  I'V  the  hyjKrih- 
enuse  of  the  triangle  in  fig.  2.0W.  677774  A 

Ques.    How  is  the  apparent  current  obtained  ? 


Ans.     Divide  the  true  watts  l»y  the  product  of  the  power 
factor  multiplied  by  the  voltage. 


i 


Example.— A  cerUtw  drcuh  supplies  20  kv.  \o  tckAkks  «X*22&  ^<OT* 
sad  ^  power  factor.    Whui  is  tut  apparent  «ruTrwxtf 

i*»wa"  ^actur  X  volts  *  5*2» 
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Ques.    What  else,  besides  power  factor,  should  be  con 
sidered  in  making  wire  calculations  for  motor  circuits? 

Ans.     The  efficiency  of  the  motor,  and  the  heavy  starting 
current. 

The  product  of  the  efficiency  of  the  motor  multiplied  by  the  powtr 
factor  gives  the  apparent  efficiency,  which  governs  the  size  of  the  wires, 
apparatus,  etc.,  necessary  to  feed  the  motors. 

Allowance  should  be  made  for  the  heavy  starting  current  required 
for  some  motors  to  avoid  undue  drop. 


TABLE  OF  APPROXIMATE  AMPERES  PER  TERMINAL  FOR 

INDUCTION  MOTORS 


Single  phase 

Two  phase 
four  wire 

Three  phase 
three  wire 

Horse 

power 

110 

220     !     440 

110 

220 

440 

110 

220 

440 

550 

volts 

volts 

volts 

»       volts 

volts 

volts 

volts 

volts 

volts 

volts 

.5 

6.6 

3.4 

I          3.3 

1.7 

.9 

3.7 

1.8 

1 

1 

14 

7        :     3.1 

>          0.4 

3.2 

1.0 

7.4 

3.7 

1.9 

2 

24 

12        l      0 

11 

5.7 

2.9 

13 

6.6 

3.3 

2.5 

3 

34 

17     ;    h.i 

3         10 

8.1 

4.1 

19 

9.3 

4.7 

3.5 

4 

52 

2C             13 

26 

13 

0.5 

30 

15 

7.5 

6 

74 

37        1    18..' 

S        38 

19 

9.5 

44 

22 

11 

9 

10 

94 

47        !    23./ 

>         44 

22 

11 

50 

25 

12.5 

11 

15 

.... 

■    *   •    •                   •   •   • 

00 

33 

16.5 

76 

38 

19 

16 

20 

•    •    • 

i     . .  # 

88 

44 

22 

102 

51 

25.5 

22 

25 

i     ... 

111 

55 

28 

129 

64 

32 

25    ' 

30 

i 

134 

07 

33.5 

154 

77 

38.5 

32 

40 

•   •    ■ 

178 

89 

44.5 

204 

107 

53.5 

44 

50 

•   ■    ■ 

204 

102 

51 

236 

118 

59 

52 

75 

308 

154 

77 

356 

178 

89 

77 

100 

..  |  ... 

408 

204 

102 

472 

236 

118 

100 

Ques.    What  are  the  usual  power  factors  encountered 
on  commercial  circuits? 

Ans.     A  mixed   load  of  incandescent  lamps  and   induction 
motors  will  have  a  power  iaeXot  oi  \*om  &  \»  S&\  vaduction 
motors  above  .8  to  .85;    mcasAescBoX.  wsA  V«rrak  Nasss^  * 
trc  lamps,  .85. 
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Wire  Calculations. — In  the  calculation  of  alternating  current 
icuits,  the  two  chief  factors  which  make  the  computation 
uferent  from,  that  for  direct  current  circuits,  is  induciisn  and 
over  factor.  The  first  depends  on  the  frequency,  and  physical 
ondition  of  the  circuit,  and  the  second  upon  the  character  of 
he  load. 

Ques.  Under  what  conditions  may  Inductance  be 
leglected? 


over  an  ir.ch.  ir.-sz:.  ,r 
the  sair.e  c^c;-~.. 


Ques.     Under    what    conditions    must    induction    be 
considered? 


lanicuteri"  ir  the  c 
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Sizes  of  Wire. — The  size  of  wire  for  any  alternating  circuit 
may  be  determined  by  slightly  modifying  the  formula  used  in 
direct  current  work,  and  which,  as  derived  in  Guide  No.  4, 

page  748,  is 

amperes  X  feet  X  21.6  /1X 

circular  mils  =  : (1) 

drop 

The  quantity  21.6,  is  twice  the  resistance  (10.8)  of  a  foot  of  copper 
wire  one  rail  in  diameter  (mil  foot).  This  resistance  (10.8)  is  multiplied 
by  2,  giving  the  quantity  21.6,  because  the  length  of  a  circuit,  or  feet 
in  the  formula,  is  given  as  the  "run"  or  distance  one  way,  that  is.  one- 
half  the  total  length  of  wire  in  the  circuit,  must  be  multiplied  by  2  to  get 
the  total  drop,  viz. : 

.      ,         -        amperes  X  feet  X  10.8  X  2      amperes  X  feet  X  21.6 

arcularmils  =■  — ■ 1 =  — ! -= 

drop  drop 

It  is  sometimes  however  convenient  to  make  the  calculation 
in  terms  of  watts.  Formula  (1)  may  be  modified  for  such  cal- 
culation. 

In  modifying  the  formula,  the  "drop"  should  be  expressed  in 
percentage  instead  of  actual  volts  lost,  that  is,  instead  of  the 
difference  in  pressure  between  the  beginning  and  the  end  ot 
the  circuit. 

In  any  circuit  the  loss  in  percentage,  or 

,-  ,  drop  +™ 

</(  loss  -  r ■— X  100 

impressed  pressure 

from  which 

Cf(;  loss  X  impressed  pressure       (0] 

drop  =  — •••  I-/ 

1  100 

Substituting  equation  (2)  in  equation  (1) 

amperes  X  feet  X  21.6 

circular  mils  --  —— : " 

%  loss  X  imp.  pressure 

"  100 
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ilion  (3)  is  modified  for  calculation  in  terms  of  watts  as 
:  The  power  in  watts  is  equal  to  the  applied  voltage 
lied  by  the  current,  that  is  to  say,  the  power  is  equal  to 
is  at  the  consumer's  end  of  the  circuit  multiplied  by  the 
:,  or  simply 

watts  =  volts  X  amperes 


-  nf  34  wi 

obleaea 

ch  fanned  from  No 

.  10  B.  4  S.  gauge  wires. 

stituting  this  value  for  the  current  in  equation  (3)  and 
nbering  that  the  pressure  taken  is  the  volts  at  the  consumer's 
E  the  line 

watts 

— —  X  feet  X  2,160 
,         .,        volts 
circular  mils  = 


watts  X  feet  X  2,160 
%  loss  X  vote? 


1,904 
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This  formula  (5)  applies  to  a  direct  current  two  wire  circuit, 
and  to  adapt  it  to  any  alternating  current  circuit  it  is  only  neces- 
sary to  use  the  letter  M  instead  of  the  number  2,160,  thus 


] 


circular  mils  = 


watts  X  feet  X  M 


(6) 


%  loss  X  volts2 

in  which  M  is  a  coefficient  which  has  various  values  according 
to  the  kind  of  circuit  and  value  of  the  power  factor.  These 
values  are  given  in  the  following  table: 

VALUES  OF  M 


POWER  FACTOR 

SYSTEM 

1.00 

.98 

.95 

.90 

.85 

.80 

.75 

.70 

.65 

.60 

Single  phase 
Two  phase 

(4  wire) 
Three  phase 

(3  wire) 

2,160 
1,080 

1,080 

2,249 
1,125 

1,125 

2,400 
1,200 

1,200 

2,660 
1,330 

1,330 

3,000 
1,500 

1,500 

3,380 
1,690 

1,690 

3,840 
1,920 

1,920 

4,400 
2,200 

2,200 

5,112 
2,556 

2,556 

6,000 
3,000 

3,000 

NOTE.  -The  above  table  is  calculated  as  follows:  For  single  phase  M  -  2,160  +  power 
factor2  X  100;  for  two  phase  four  wire,  or  three  phase  three  wire,  M  —  J  (2,160  +  posw 
factor2)  100.  Thus  the  value  of  M  for  a  single  phase  line  with  power  factor  .95  =■  2,160+  .95* 
X  100=  2,400. 

It  must  be  evident  that  when  2,160  is  taken  as  the  value  of  M, 
formula  (G)  applies  to  a  two  wire  direct  current  circuit  and  also 
to  a  single  phase  alternating  current  circuit  when  the  power 
factor  is  unity. 
In  the  table  the  value  of  M  for  any  particular  power  factor  is 
found  by  dividing  2,100  by  t\\e  soporo  oi  t\\a.t  power  factor  for 
single  phase  and  twice  the  sqviaxe  oi  \fc»  v^**  V&rXqk  \s*^ 
phase  and  three  phase. 
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}aes*  For  a  given  load  and  voltage  how  do  the  wires 
a  single  and  two  phase  system  compare  in  size  and 
ight,  the  power  factor  being  the  same  in  each  case? 

Vns.  Since  the  two  phase  system  is  virtually  two  single  phase 
terns,  the  four  wires  of  the  two  phase  systems  are  half  the 
3  of  the  two  wires  of  the  single  phase  system,  and  accordingly, 
t  weight  is  the  same  for  either  system. 


VALUES  OF  T 


System 

i 

i 

Power  Factor 

1.00 

.98 

.90 

.80 

.70 

Sinele  ohase 

1.00 
2.00 
1.73 

.98 
1.96 
1.70 

.90 
1.80 
1.55 

.80 
1.00 
1.38 

.70 
1.40 
1.21 

Three  phase,  3  wires. .  . 

NOTE. — This  table  is  for  finding  the  value  of  the  current  in  line,  using  the  formula 
■  W+(EX  T),  in  which  I  —  current  in  line;  E  —  voltage  between  miin  conductors  at 
saving  or  consumers'  end;  W  —  watts.  For  instance,  what  is  th •»  current  in  a  two  phase  line 
umnitting  1.000  watts  at  550  volts,  power  factor  .80?     I  -  1 .000  4-  (550  X  1 .00)  -  1 .  13. 


Ques.  Since  there  is  no  saving  in  copper  in  using  two 
bases,  what  advantage  has  the  two  phase  system  over  the 
ne  phase  system? 

Ans.  It  is  more  desirable  on  power  circuits,  because  two 
>hase  motors  are  self-starting. 

That  is  to  say,  the  rotating  magnetic  field  that  can  be  produced  by  a 
two  phase  current,  permits  an  induction  motor  to  start  without  being 
equipped  with  any  special  phase  splitting  devices  wh\cYv  axe  xvefcsssax^ 
on  single  phase  motors,  because  the  oscillating  field  pTO&uoeANyj  aiws^a 
ftb£ZLCU'Te0t         not  ^Toduce  any  torque  on  a  squitreV  ca*e  wnsotasft 


-1,906 
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Ques.  For  equal  working  conditions,  what  is  the  con 
parison  between  the  single,  two  and  three  phase  syste 
as  to  size  and  weight  of  wires? 

Ans.  Each  wire  of  the  three  phase  system  is  half  the  size 
one  of  the  wires  of  the  single  phase  system,  hence  the  weight 
copper  required  for  the  three  phase  system  is  75%  of  that  i 
quired  for  the  single  phase  system.  Since  in  the  two  pha 
system  half  of  the  load  is  carried  by  each  phase,  each  wire  of  t! 
three  phase  system  is  the  same  size  as  one  of  the  wires  of  tl 
two  phase  system,  hence,  the  copper  required  by  the  thr 
phase  system  is  75%  of  that  required  by  the  two  phase  system. 


MISCELLANEOUS  FORMULA  FOR  COPPER  WIRES 


Diameter  squared 
Circular  mils 

.000003027 

. 003027 

.0159847 

.003879 

.33033 

.0000002924 

.342 

.096585 
10.353568 


X  .7854 
X  circular  mils 
X  circular  mils 
X  circular  mils 
X  square  mils 
-f-  circular  mils 
X  circular  mils 
-T-  circular  mils 
X  circular  mils 


=  circular  mils 

=  square  mils 

=  pounds  per  foot 

=  pounds  per  1 ,000  feet 

=  pounds  per  mile 

=  pounds  per  1,000  feet 

=  feet  per  pound 

=  pounds  per  ohm 

=  ohms  per  pound 

=  feet  per  ohm 

=  ohms  per  foot 


-T-  circular  mils 

Breaking    weight    of    wire  -r-  area  =  breaking    weight  p? 
square  inch. 

Breaking  weight  per  square  inch  X  area  =  breaking  weigh 
of  wire. 

The  weight  of  copper  wire  is  1?  times  the  weight  of  iroi 
wire  of  same  diameter. 
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1,907 


iPLE. — What  size  wires  must  be  used  on  a  single  phase  circuit 
i  length  to  supply  30  kw.  at  220  volts  with  loss  of  4%,  the  power 
.9? 


irmula  for  circular  mils  is 


circular  mils 


watts  X  feet  X  M 
%  loss  X  volts' 


(1) 


stituting  the  given  values  and  the  proper  value  of  M  from  the 

in(l) 

.      ,         .,        30,000  X  2,000  X  2t660      QO  .QQ 
circular  mils  — a  v  920» "'  °2»**> 

siring  to  the  accompanying  table  of  the  properties  of  copper  wire, 
arest  larger  size  wire  is  No.  1  B.  &  S.  gauge  having  an  area  of  83,690 
ir  mils. 


lBLE  of  the  properties  of  copper  wire 


ta.  length  and  ranstanees  of  wire*  of  Hatthiawien's  Standard  Conduct hrtty  for  both 
rwn  6  Sharpe  Gauge)  and  B.  W.  O.  (Birmingham  Wire  Gauge)  from  Ttanaactiooe 
if  the  American  Institute  of  Elertrical  Engineers. 


othe 


fourth  aignifieent  digit. 


WfO. 


Diameter. 


Inches. 


0000 
000 


00 


0 
1 


2 
3 


6    I 


0460 
0.454 
0.425 

0.4096 

0.380 

03648 

0340 

0.3249 

03000 

02893 
0.2840 
0.2590 

02576 
02380 
T).2294 

02200 
0  2043 
(>2030 


Area. 


Circular 

mila 


/ 


211,600 
206,100 
180,600 

167,800 
144,400 
133,100 

115,600 

105,500 

90,000 

83,690 
80,660 
67,080 

66,370 
56,640 
52,630 

48,400 
41,740 
41,210 


Wefght. 

LLe. 

per  1,000  feet. 


Length. 


Feet  per  lb. 


640.5 
623.9 
546.8 

508.0 
437.1 
402.8 

349.9 
319.5 
272.4 

253.3 
244.1 
203.1 

200.9 
171.5 
159.3 

146  5 
126.4 
124.7 


Ohms 
per  1,000  feel 


Q68°F. 


\ 


1.661 
1.603 
1.829 

1.969 
2.288 
2.482 

2.858 
3.130 
3.671 

3.947 
4.096 
4.925 

4.977 
5,832 
$.276 

6826 
% 


.04893 
.05023 
.05732 

.06170 
.07170 
.07780 

.08957 
.09811 
.1150 

.1237 
.1284 
.1543 

.1560 
.1828 
.1967 

,  .2139 


,908 
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TABLE  OF  THE  PROPERTIES  OF  COPPER  WIRE 

(Continued) 


Om*«. 

To  the  dm 

treat  fourth  ngnifieant  digit.     • 

We£L 
per  1,000  feet. 

Length. 

Retf* 

Diameter. 

Area. 

Feet  per  lb. 

Oka 
P«l.00i 

a  *  s. 

B.  W,  O. 

Inches. 

Circular 

mil* 

•  « 

5 

7 
8 

0.1819 
0.1800 
0.1650 

33,100 
32,400 
27,230 

100.2 
98.08 
82.41 

y.980 
10.20 
12.13 

6 

7 

9 

0.1620 
0.1480 
0.1443 

26,250 
21,900 
20,820 

79.46 
66.30 
63.02 

12.58 
15.08 
15.87 

8 

10 
11 

01340 
0.1285 
0.1200 

17,960 
16,510 
14,400 

54.35 
49.98 
43  59 

18.40 
20.01 
22.94 

0 
10 

12 

01144 
0.1090 
0  1019 

13,090 
11,880 
10,380 

39.63 
35.96 
31.43 

25.23 
27.81 
31.82 

• 

11 

13 
14 

0.0950 

0.09074 

0.08300 

9,025 
8,234 
6,889 

27*  32 
24  93 
20.85 

36  60 
40.12 
47.95 

12 
13 

15 

0.08081 
0.07200 
0.07196 

6,530 
5,184 
5,178 

J). 77 
lj.69 

If  68 

50.59 
63.73 
63.79 

14 

16 
17 

0.06500 
0  06408 
0.0580 

4,225 
4.107 
3,364 

12.79 
12.43 
10  18 

78  19 
80.44 
98.23 

15 
16 

18 

0.05707 
0.05082 
0.04900 

3,257 
2,583 
2,401 

9  858 
7.818 
7.268 

101.4 
127.9 
137.6 

17 
18 

19 

0  045260 
0.042000 
0.040300 

2,048 
1,764 
1,624 

6.200 
5.340 
4.917 

161.3 
187.3 
203.4 

19 

20 
21 

0  035890 
0  035000 
0  032000 

1,288 
1,225 
1,024 

3.899 
3.708 
3.100 

256.5 
269.7 
322.6 

20 

"/ 

22 

0  031960 
0.02S4G0 
0.028000 

1,022 

\      m.Q 

3.092 

323.4 
I         407.8 

22     j 

o*» 

0. 025350 
0.025000 

\         VA 
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TABLE  OF  THE  PROPERTIES  OF  COPPER  WIRE 

(Concluded) 


m» 

Tfethetnai 

ret  fourth  ncnifiocotdicit.     • 

w«bbt. 

Lb* 
par  1,000 1 tat. 

Length. 

Reetetanea. 

Diameter. 

Area. 

Fact  par  lb. 

Ohme 
per  1,000  feet. 

L 

B.  W.  O. 

Inchea. 

Circular 

• 

@  08*  F. 

» 

24 
25 

0.022570 

509.5 

1.542 

648.4 

20.32 

0.022000 
0.020100 
0.020000 

484.0 
404.0 
4000 

1.466 
1.223 
1.211 

682.6 
817.6 
825.9 

21.39 
25.63 
25.88 

» 

26 
27 

0.018000 
0.017900 
0.016000 

324.0 
320.4 
256.0 

.9808 
.9699 
.7749 

1,020 
1,031 
1,290 

31.96 
32.31 
40.45 

r 

28 

0.015940 
0.014200 
0.014000 

254.1 
201.5 
196.0 

.7692 
.6100 
.5933 

1,300 
1,639 
1,685 

40.75 
51.38 
52.83 

3 

29 
30 

0.013000 
0.012640 
0.012000 

169.0 
159.8 
144.0 

.5116 
.4837 
.4359 

1,955 
2,067 
2,294 

61.27 
64.79 
71.90 

9 
0 

31 

0.011260 
0.010030 
0.010000 

126.7 
1005 
1000. 

.3836 
.3042 
.3027 

2,607 
3,287 
3,304 

81.70 
103.0 
1035 

11 

32 
33 

0.009000 
0.008928 
0.008000 

81.0 

79.70 

64.0 

.2452 
.2413 
.1937 

4,078 
4,145 
5,162 

127.8 
129.9 
161.8 

12 
13 

34 

0.007950 
0.007080 
0.007000 

63.21 
50.13 
49.0 

.1913 
.1517 
.1483 

5,227 
6,591 
6,742 

163.8 
206.6 
211.3 

34 

35 
36 

35 

0.006305 
0.005615 
0.005000 

39.75 
31.52 
25.0 

.1203 

.09543 

.07568 

8,311 
10,480 
13,210 

260.5 
32£.4 
414.2 

37 
38 

• 

36 

0.004453 
0.004000 
0.003965 

19.83 

16. 

15.72 

.06001 
.04843 
.04759 

16,660 
20,650 
21,010 

522.2 
647.1 
658.5 

39 
40 

1 

0.003531 
0.003145 

12.47 

1             9.888 

.03774 
.02993 

26,500 
33.410 

830.4 
1047. 

rop. — In  order  to  determine  the  drop  or  volts  lost  in  the 
■  the  following  formula  may  be  used 

•f™«       % loss  X  v°lts 

*op ioo xs    •   v'     * 


v> 


1.910 
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in  which  the  %  loss  is  a  percentage  of  the  applied  power,  that 
is,  the  power  delivered  to  the  consumer  and  not  a  percentage 
the  power  at  the   alternator.     "Volts"  is  the  pressure  at  the 
consumer's  end  of  the  circuit. 

VALUE  OF  "S"   FOR  60  CYCLES 


The  coefficient  S  has  various  values  as  given  in  the  accom- 
panying tables.  As  will  he  seen  from  the  table,  the  value  of  S  to 
be  used  depends  upon  the  size  of  wire,  spacing,  power  factor  and 
frequency. 

These  value s  arc  accurate  enou^  lot  b1\  practical  purposes, 
and  may  be  used  for  distances  ot^TsSKs,Qt\eas,«!&.VjiV 
up  to  25,000. 
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rbe  capacity  effect  on  very  long  high  voltage  lines,  makes  this 
rbhod  of  determining  the  drop  somewhat  inaccurate  beyond  the 
lits  above  mentioned. 

VALUE  OF  "S"  FOR  25  CYCLES 


EXAMPLE.— A  circuit  supplying  current  at  440  volts,  60  frequency, 
*ith  5%  loss  and  .8  power  factor  is  composed  of  No.  2  B.  &  5.  gauge  wires 
SMced  one  foot  apart.   What  is  the  drop  in  the  line? 
According  to  the  formula 

Amri       %  loss  X  volts  v  „ 
<i«>p- m XS 

Substituting  the  given  values,  and  value  of  S  as  obtained  from  the 
table  for  frequency  60 

drop  -  JM^  X  1  -  22to1h 


Current.— As  has  been  stated,  the  effect  ot  power  tutex  \esa 
ion  unity,  is  to  increase  the  current;  henqe,  ramducAwica^ 
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calculations,  the  first  step  is  to  determine  the  current 
circuit.    This  is  done  as  follows : 


apparent  load 

current  = 

volts 


power  factor  ' 
Substituting  (2)  in  (1) 


current  =  E25*£**  _  ^ 

volts  power  factor  X  vol 


Pic.  2.704. — Rope  type  of  stranded  copper  cable  which  is  used  when  *  hi 
is  required.     The  .  ur.s-.ru'.-.i'm  "f  r  jllh  ..-.ihie  i*  the  utrandinR  toac 


EXAM  ['1-K.  ■    A  50  In.™  power  -140  volt  motor  lias  a  full ' 
1  anil  jiowi-r  faelor  of  .».    How  much  current  is  require.1.' 
Sim*  ilit*  brake  horno  jkiwvt  of  the  motor  is  given,  it  I 

obtain  tin-  rli-.-'rii-^',  hurst-  [jower,  thus 


55.5  X  74H  =  41,403 
-tun]  load,  and  from  which 


»cUva\  W.t    __4Uftf 
Vow;  l:it\ut  S> 
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The  current  therefore  at  440  volts  is 


adistanreof  l.OOOfect  from  thealterriator.    The* 
8  inches  apart  and  the  frequency  is  60,  and  %  loss  5. 
A,  electrical  horse  power;    B,  waits;    C,  apparent  load; 
E,  tm  of  wires;   ¥,drop;   G,  voltage  at  Ike  alternator. 
KEleetrkal  horse  power  • 

efficiency  .92 

54.3  X  748  =  40,608  watts 

TABLE  OF  WIRE  EQUIVALENTS 

(Brown  and  Sharpe  gauge) 


be  spaced 
Determine: 
D,  current; 


0000 

%  No.    0 

4  No.    3 

8  No.    6 

16  No.    9 

32  N 
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1 
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4 
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7 
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17 
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20 
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» 
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IK 
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21 
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7 
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in 
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13 

16    " 
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ID 

04    ■ 

X>, 

a  " 

S 

4    ■ 

11 

8    ■ 

14 

!fl    " 

17  1  32    ' 

?il 

04    ■ 

Xi 

a  ■■ 

4    ' 

12 

8    ' 

15 

10   ■■ 

18     32    ' 

■'1 
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24 
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1(1 
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13    8    " 
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2.1 
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11 
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14 

K     " 
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26 
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17 
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1ft 
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18 
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•'4 
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B.  Watts 

watts  -  £.  H.  P.  X  746  -  54.3  X  746  -  40,508 


C.  Apparent  load 

...      ,  actual  load  or  watts      40,506      erkfioe 

apparent  load  or  kva  — ; — 1 ■■  — 5 —  —  50,635 

rr  power  factor  & 

D.  Current 

apparent  load  or  kva      50,635      ... 

cmreat "      — vols — : "440"  "  1 15  *****"* 

E.  Size  of  wires 

.,        watts  X  feet  X  M       40,508  X  1,000  X  3,380       *At  AM9 

or.  mils  ™  -7*7-1 w — ii~r  a e  w  AAtVk ™  l4lt44o 

%  loss  X  volts*  5  X  440* 

From  table  page  1 ,907,  nearest  size  larger  wire  is  No.  00  B.  &  S.  gauge. 


F.  Drop 

A           %  loss  X  volts  w  0       5X440..---      0,7i     .. 
drop  -  — jggj X  S  »  — 1QQ  ■  X  1.17  «=  25.74  volts 

NOTE. — Values  of  S  are  given  on  page  1910. 


G.  Voltage  at  alternator 
alternator  pressure  =  volts  at  motor  +  drop  ■«  440  +  25.74  «  465.7  v» 
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CHAPTER  LXVI 
POWER  STATIONS 


The  term  power  station  is  usually  applied  to  any  building 
mtaining  an  installation  of  machinery  for  the  conversion  of 
lergy  from  one  form  into  another  form.  There  are  three  general 
asses  of  station: 

1.  Central  stations; 


3.  Isolated  plants. 
These  may  also  be  classified  with  respect  to  their  function  as 

1.  Generating  stations; 

2.  Distributing  stations; 

3.  Converting  stations; 

txA  with  respect  to  the  form  of  power  used  in  generating  the 
electric  current,  generating  stations  may  be  classed  as 
1-  Steam  electric; 

2.  Hydro-electric; 

3.  Gas  electric,  etc. 


Central  Stations. — It  must  be  evident  that  the  general  type 
jo*  central  station  to  be  adapted  to  a  given  case,  tnaX  \s  \x>  ^ , 
fbgaend  character  of  the  machinery  to  be  inste&ei  &s^»s&&s 
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upon  the  kind  of  natural  energy  available  for  conversion  into 
electrical  energy,  and  the  character  of  the  electrical  energy 
required  by  the  consumers. 

This  gives  rise  to  a  further  classification,  as 

1.  Alternating  current  stations; 

2.  Direct  current  stations; 

3.  Alternating  and  direct  current  station. 

The  alternators  or  dynamos  may  be  driven  by  steam  or  water 
turbines,  reciprocating  engines,  or  gas  engines,  according  to  the 
character  of  the  natural  energy  available. 


,^ML 


Ques.  Why  is  the  reciprocating  engine  being  largely 
replaced  by  the  steam  turbine,  especially  for  large  units? 

Ans.  liecauso  "f  its  higher  rotative  speed,  and  absence  of 
a  multiplicity  of  bearings  which  in  the  case  of  a  high  speed, 
mi/jftKVttKiR  engine  must  lie  maintained  in  close  adjustment 
fur  tin-  proper  operation  'A  \\w  cwpmc.  J 

T!,v  hi&uT  sik.-i.i1  <if  rrAtti<w\  ti^Avs.  "«^ '*««'«*««»»*•'« 

for  driving  liigli '  frequency  ^W^' 
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Ques.  Is  the  steam  turbine  more  economical  than 
high  duty  reciprocating  engine? 

Ans.    No. 

Location  of  Central  Stations. — As  a  rule,  central  stations 
hould  be  so  located  that  the  average  loss  of  voltage  in  over- 
"^^J  the  resistance  of  the  lines  is  a  minimum,  and  this  point 


abated  at  the  center  of  gravity  of  the  system.    In  fig.  2,706  is 
ihown  a  graphical  method  of  locating  this  important  spot. 


Suppose  a  rough  canvass  of  prospective  consumers  in  a  district  to  be 

supplied  with  electric  light  or  power  shows  tha  prac\\tti  \aaas  to  \* 

heated  at  A,  B,   C,  D,  E,   etc.,   and  for  simrAidty  assume  toa.1.  feisfc 

loads  will  be  approximately  equal,  so  that  each  may  ^  4«itiuA\si  \\sx 
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The  relative  locations  of  A,  B,  C,  D,  E,  etc.,  should  be  drawn  to  scale  (ay 
1  inch  to  the  1,000  foot)  after  which  the  problem  resolves  itself  int.)  fuirtini 
the  location  of  the  station  with  resjjevt  to  this  scale. 

The  solution  consists  in  first  rinding  the  center  of  Rravity  of  any  two  of  [he  leads,  lull 
as  those  at  A  and  D.    Since  each  of  these  is  1.  they  will  toother  have  the.  n»  Ai  on  the 

hoth  cases  be  equal. 

Tin  loadfi  liemu  eiu.il  in  this  care  the  distances  must  becjualin  older  Ihat  the  oral*. '-•':» 
the  tin,  so  that  the  tenter  of  Kravity  if  A  +Ft  is  at  (i,  which  point  is  midway  bclwtca  AaodB. 

Coniiderirw,  nest,  the  rvsnltant  load  of  1  in  G  and  the  load  of  1  at  C.  the  resultant  l«4 
at  the  center  •  >!  i,-ravi;v  ,  ,1"  iIicm-  will  he  3.  and  this  must  be  situated  at  a  distance  uf  lirn  uniu 
from  C.Hnd  one  unit  fronr  II  a-j  that  the  distance  2  times  the  load  1  at  C  equals  the  distune 
1  ln„«lh,.liuil  L'at  (..  Havie.i:  thus  located  the  load  3  at  If.  the  same  method  is  io.Ue.wr-.!  a 
rnnlimi  the  load  4  at  I.    Then  in  like  manner  the  resultant  load  4  and  the  load  1  at  E  sivsi 


"he  point  S  being  tl 

,-,-ity  of  the  entire  system,  and 

^imumlossofvol, 


rd  represents,  therefore,  the  position  of  the  cen« 
ntly  the  proper  position  of  the  plant  ia  order  cu 


f'HA  1,'r'O"-  -Kxt.cji.irr.i  renin!  station  at  1-cwis.  In.;  esamplo  of  veryamal 

the  I'Hur-ipa1  ii'.Liain-s.i  '■■.[■.:  .;i  oi  a  town.     3t  alio  ilhntratesi  the.  use  of  a  oireci  tEunnrras 

(.mi::,  i  ii,:-ic  :■.'!.  'I'd,-  i,:.'.i..l  ntni/m  is  l.-.-aled  on  Main  Slrect.  which  is  the  prinaial 
thorough]  a  r.  .  s.-id  i-  installed  m  :.  low  one  .story  building  lor  which  a  mere  nominal  rfiui 
charge  Li  [;.L.a.  t-e  .  ■  i,;i:.ir,  haviua  111,:  ojilMii  i'j  l.uy  the  property  Liter  .it  [he  vi'j-  J 
the  land  plus  thi-i'.l  ot  i  In-  ni:pr..n  eiiiLT'ti  .ii id  simpl.!  interest  on  the  same.     Tu  the  fruit 


it  10  feet  by  2X  feel  has  bunt  built  a 


|ii  ice1, "carrying  the  huildino  to  the  lot  lineani 
1  .l-l.I  iwi'chl.ionrda.  and  such  desk  room  as  is 


,  well  li;. h'.j 
line  and  aft 


Irievtcd  to  a  three  phase.  '2.30(1  volt.  fiC-J  R.P-». 

IMI...1  on  the  same  shaft  and  in  the  same  fnusr. 

xvitn  Tin.  i^encr.it:  a  e'  "■!   is  ;l  .-..i-e  !-■'■:  i.  I'.! -'a  ol  panel  equipped  with  three  ammeters.  OH 

h..':iic'..t.  an  ii:.-rrii!i;..::r  |.'...i»;  -■■.-■.: ch  i-.r  voltage  indie jtion,  one  single  pule  carbon  tins* 
sivi:.-li.  one  iur  .man.:  ■  ■■■.'  .'ircMLt  Lr.-alier  laic  Mviteh  and  rheostats.  Instrument  tu* 
Ivriii...:--  are  i,...-.ma  1  ..1  .■..■-.  ..■.,:  I..i--k  oi  'lie  board.  F:.r  street  lishtii..;  service  ■  1  lor. 
tor.-.;  ml-  •  iotci!   r-  ,r;.!  mm  -  h.e.  Ivi  i'i^t:i..id.  ami  with  it  a  rjray  marble    ravioihlmiJ 

fs.nel  iiiLiint.  -I  ■■  -i  i'   -n  Iran ml  cr-yin*  an  ammeter  and  a  four  paint  plu*  switch.    Pa 

,-i  brjarif  near  [he  ui-niT.il.it  •■■!  arc  ca.  mated  in  convenient  reach  suitable  wrenches,  tpu- 
iu.-y.-i,  .ohl  re-r;  ur  ;■  .t'  j  .aid.  ;..  ,',s.  "10  c  -  n  tha  smbm  cjVsVcnft-wt  x  H  steel  tanks,  hit 
(«cn  iiolalled  ia  the  old  biuUiiuj.  a.  v,*roV^U'=«u^";*I*,KIK~i.'™oi«™»- 
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Joes.     Is  the  center  of  gravity  of  the  system,  as  obtained 
fig.  2,706,  the  proper  location  for  the  central  station? 
ins.     It  is  very  rarely  the  best  location. 

Dues.     Why? 

tos.    Other  conditions,  such  as  the  price  of  land,  difficulty 

obtaining  'water,  facilities  for  delivery  of  coal  and  removal 


£  ashes,  etc.,  may  more  than  offset  the  minimum  line  losses 
□d  copper  cost  due  to  locating  the  station  at  the  center  of 
ravity  of  the  system. 

Ques.    How  then  should  the  station  be  located? 

Ans.  The  more  practical  experience  the  designer  has  had, 
nd  the  mare  coznmon  sense  hepossesses,  thebettjet"is\ife«J^iVV^- 


to  handle  the  problem,  as  the  solution  is  generally  such  that  it 
cannot  be  worked  out  by  any  rule  of  thumb  method. 

Ques.  What  are  the  general  considerations  frith 
respect  to  the  price  of  land? 

Ans.  The  cost  for  the  station  site  may  be  so  high  as  to 
necessitate  building  or  renting  room  at  a  considerable  distance 
from  the  district  to  be  supplied. 


Pic.  2.7«j.— « laiiun  km 

-■!'  "Tl[i-i  uf  gravity.    Hw,..,...  ..  ...  .,.,  ._,., 

tr.i.r  tin-  ti).    [„■!   I...;, '.i..„.     1't  .i,-..:i.t-  :.i   C,  l.-i.i!  is  crir.ip.-r  .tiiiu  ;u  C,  nr.d  there  » 


:Mii 


:.-i  i: 


:il  i' 


rn.-i;  i.| -it 

i-tT.  !  t>,.;  j.n..v  t.i"  iv.!l  ni.iii- 
riV.f]Hi|.J]l«.i'ii.ii<.iii.l.iiir.i\ 
i*  Jvtvrniiiiul  in  adviuuw. 


t  thai 

i;ii  ini^ht  also  in  certain  instances  altrt 
ent  ci"  tin'  station,  tumicularly  so  in  tht 
c.'i[ii:iil  <.|nT.-itii)j;  in  a  city  where  hi(h 
■A-i-ivr,  it.  ni:iy  lis  slnti.il  that  whascw 
.mid  have  up  11  the;  arrangement,  opw* 
mien  it  tan  quite  readily  ami  acctuatdf 
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Ques.     With  respect  to  the  cost  of  the  land  what  should 
e  especially  considered? 
Ans.     Room  for  the  future  extension  of  the  plant. 

Although  such  additional  space  need  not  be  purcliased  at  the  time 
of  the  original  installation  it  is  well,  if  possible,  to  make  provision 
whereby  it  can  be  obtained  at  a  reasonable  figure  when  desired.  The 
preliminary  canvass  of  consumers  will  aid  in  deciding  the  ; 
of  space  advisable  to  allow  for  future  ex  tensions;  as  a  rule,  ' 


d  switch boai 


is  wise  to  count  on  the  plant  iiilai 
size,  as  often  the  dimensions  :■;■.'. 
times  those  found  sufficient  [it  t): 


Ques.    What  trouble  is  likely  to  be  encountered  with 
Q  illy  located  plant  after  it  is  in  operation? 

An*     It  may  be  considered  a,  nuisance  Y>v  \.\viwi  \cfwSvwg,  '«*■ 
e  viemity,  occasioning  many  complaints. 
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Thus,  if  the  plant  be  placed  in  a  residential  section  of  the  community 
the  smoke,  noise  and  vibration  of  the  machines  may  become  a  nuisance 
to  the  surrounding  inhabitants,  and  eventually  end  in  suits  for  damage 
against  the  company  responsible  for  the  same.  For  these  and  the  other 
reasons  just  given  a  company  is  sometimes  forced  to  disregard  entirely 
the  location  of  a  central  station  near  the  center  of  gravity  of  the  system, 
and  build  at  a  considerable  distance;  such  a  proceeding  would,' if  the 
distance  be  great,  necessitate  the  installation  of  a  high  pressure  system. 

There  might,  however,  be  certain  local  laws  in  force  restricting  the 
use  of  high  pressure  currents  on  account  of  the  danger  resulting  to  life, 
that  would  prevent  this  solution  of  the  problem.  In  such  cases  there 
could  undoubtedly  be  found  some  site  where  the  objections  previously 
noted  would  be  tolerated;  thus,  there  would  naturally  be  little  objection 
to  locating  next  to  a  stable,  a  brewery,  or  a  factory  of  any  description. 

Que*.    Why  is  the  matter  of  water  supply  important 
ir  a  central  station? 


Ans.  Because,  in  a  steam  driven  plant,  water  is  used  in  the 
rilers  for  the  production  of  steam  by  boiling,  and  if  the  engines 
;  of  the  condensing  type  it  is  also  used  in  them  for  creating  a 
icuum  into  which  the  exhaust  steam  passes  so  as  to  increase 
le  efficiency  of  the  engine  above  what  it  would  be  if  the  exhaust 
earn  were  obliged  to  discharge  into  the  comparatively  high 
ressure  of  the  atmosphere. 

The  force  of  this  will  be  apparent  by  considering  that  the  water  con- 
sumption of  the  engine  ordinarily  is  from  15  to  25  lbs.  of  "feed  water" 
per  horse  power  per  hour,  and  the  amount  of  "circulating  water"  re- 
quired to  maintain  the  vacuum  is  about  25  to  30  times  the  feed  water, 
and  in  the  case  of  turbines  with  their  28  or  29  inch  vacuum,  much  more. 
For  instance,  a  1,000  horse  power  plant  running  on  15  lbs.  of  feed  water 
and  30  to  1  circulating  water  would  require  (1,000  X  15)  X  (30  +  1)  = 
465,000  lbs.  or  55,822  gals,  per  hour  at  full  capacity. 

Que*.    Besides  price  what  other  considerations   are 
tftportant  with  respect  to  water? 

Ans.     Its  quality  and  the  possibility  of  a  scarcity  of  supply. 

It  is  quite  necessary  that  the  water  used  in  the  Vx&era  &0&&V*  *s 
free  aspossible  from  impurities,  so  as  to  prevent  tYve  deoo^do^  ^fiw 
of  any  scale  or  sediments.      The  quality  <t  the  wfcet  ^^a«^, 
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condensing  purposes,  however,  is  not  quite  so  important,  although  t 
it  is  the  better. 

If  the  plant  is  to  be  located  in  a  city,  the  matter  of  water  sup 
not  generally  be  considered,  because,  as  a  rule,  it  can  be  obtained  ! 
waterworks;  there  will  then,  of  course,  be  a  water  tax  to  cons 
this,  if  large,  may  warrant  an  effort  being  made  to  obtain  the  water 
other  way.  In  any  event,  however,  the  possibility  of  a  scarcity  in  tl 
should  be  reduced  to  a  minimum- 

If  the  plant  be  located  in  the  country,  some  natural  source  of  wat 
be  utilized  unless  the  place  be  supplied  with  waterworks,  which  is 


It  al>und:imx'  of  wnior  esii-t  in  tin.'  vicinity  of  the  proposed  install! 
nnly  wiuM  tin:  lix-iiiou  of  tin?  plant  It  governed  thereby,  hut  thi 
power  lolvus*!  fur  its  opcv;u  ion  would  depend  thereon.  Thus,  if  the 
of  the  w:iti*r  win:  sudideiu  throughout  the  entire  year  to  supply  tl 
wiry  power,  w;itcr  w-'herls  muiht  ho  installed  and  used  in  place  c 
ami  si  ram  digitus  for  driving  the  generators.  The  station  would 
rotirsf,  In-  jiittiatctl  close  to  i\\c  waterfall,  regardless  of  the  center  o 
of  the  system. 
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Ques.    What  should  be  noted  with  respect  to  the  coal 
supply? 

Ans.     The  facility  for  transporting  the  coal  from  the  supply 
point  to  the  boiler  room. 

In  this  connection,  an  admirable  location,  other  conditions  permitting, 
is  adjacent  to  a  railway  line  or  water  front  so  that  coal  delivered  by  car 
or  boat  may  be  unloaded  directly  into  the  bins  supplying  the  lx>ilcrs. 


Fe.  1.713.— View  of  a  itation  admirably  located  n 
•□pply.     At  shown,  the  trial  m:-.y  be  uV..iiru'd 


It  the  coal  lie  brought  by  train,  a  side  or  branch  track  wi: 
be  found  convenient,  and  this  will  usually  runder  any  carting  •> 
entirely  unnecessary. 

In  whatever  way  the  coal  i*  to  he  snp;ilui!,  tlu:  liubilii  y  of  a 
due  to  traffic  or  navigation  U'itig  cli.srd  at  iitiv  time  of  the  ye; 
be  well  look-dink.,  as  should  also  lb,!  f,i,ili'y'for  the  removal 
before  deciding  upon  the  final  location  for  the-  plant. 


r  should 
■l  ashes, 


Choice  of  System. — The  chief  considerations  in  the  design 
of  a  central   station   arc  economy   and   capacity.     \!\w»,  'Ce*. 
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•  i 

i 


it  has  to  be  transmitted  long  distances  for  either  lighting 
wer  purposes,  economy  is  attainable  only  by  reducing  the  ■  | 

t  of  the  copper  conductors.  This  can  be  accomplished 
by  the  use  of  the  high  voltage  currents  obtainable  from 
ators. 

un,  where  the  consumers  arc  located  within  a  radius  of 
niles  from  the  central  station,  thereby  requiring  a  trans- 
Hi  voltage  of  550  volts  or  less,  dynamos  may  be  employed 
greater  economy. 

ernating  current  possesses  serious  disadvantages  for  certain 
tant  applications. 

■  instance,  in  operating  electric  railways  and  for  lighting 
Dften  necessary  to  transmit  direct  current  at  500  volts  a 
ice  of  five  or  ten  miles.  In  such  cases,  the  excessive  drop 
■t  be  economically  reduced  by  increasing  the  sizes  of  the 
irire,  while  a  sufficient  increase  of  the  voltage  would  cause 
s  variations  under  changes  of  load.  Hence,  it  is  common 
ice  to  employ  some  form  of  auxiliary  generator  or  booster, 
i  when  connected  in  series  with  the  feeder,  automatically 
ains  the  required  pressure  in  the  most  remote  districts 
ig  as  the  main  generators  continue  to  furnish  the  normal  or 
ng  voltage. 

e  advantage  of  a  direct  current  installation  in  such  cases 
a  similar  plant  supplying  alternating  current  line  is  the 
hat  a  storage  battery  may  be  used  in  connection  with  the 
r  for  taking  up  the  fluctuations  of  the  current,  thereby 
tting  the  dynamo  to  run  with  a  less  variable  load,  and 
}uently  at  higher  efficiency. 

es.    Name  some  services  requiring  direct  current. 

;.     Direct  current  is  required  for  certain  kmds  oi  cta&K&jNjK. 
such  as  electroplating,  the  electrical  sepaxaXAQY*.  ol  tor&&&, 
o  the  charging  of  storage  batteries  lot  eteefcne  «a\0CDiki&M. 
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Ques.  How  1b  din 
rent  supplied? 

Ans.  Sometimes  thi 
station  is  equipped  with 
apparatus  for  supplyi 
direct  and  alternating 
This  may  be  acconip 
several  different  ways: 
stalling  both  direct  a 
nating  current  gencrati 
central  station;  by  th 
double  current  genei 
dynamotors,  from  whi 
current  may  be  taken 
side  and  alternating 
from  the  other  side; 
stalling,  in  the  sub-stat 
alternating  current  cei 
tion,  in  addition  to  t) 
formers  usually  placet 
a  rotary  converter  for 
or  converting  alternai 
rent  into  direct  currer 


Tlius.it  is  evident  Ih.n 
acter  of  a  central  staii 
governed  to  a  great  ext 
class  of  services  to  1  e  : 

An  exception  to  thi; 
the  entire  output  lias  ti 
mitt i-d  a  long  distance  t 
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i  alternating   current,   and   its   distribution   to  consumers   may 
Je  directly  by  means  of  step  down  transformers  mounted  near 
'"  '     ■'  ts'  premises,  or  it  may  be  transformed  into 

Tent  by  a  conveniently  located  sub-station. 
Where  the  current  is  to  be  used  chiefly  for  lighting  and  there  are 
only  a  few  or  no  motors  to  be  supplied,  the  choice  between  direct  cur- 
rent and  alternating  current  will  depend  greatly  upon  the  size  of  the 
installation,  direct  current  being  preferable  for  small  installations  and 
alternating  current  for  large  installations. 
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similar  character,  which  have  to  lie  operated  intermittently  and  at 
varying  speeds  and  loads,  direct  current  is  the  more  suitable;  but  if 
the  motors  i*rforming  such  work  can  lie  operated  continuously  for 
many  hours  at  a  time  under  practically  constant  loads,  as,  for  instance 
in  the  general  work  of  a  pumping  station,  alternating  current  may  be 
employed  with  advantage. 


Size  of  Plant. — Before  any  definite  calculation  can  be  made, 
plans  drawn,  the  engineer  must  determine  the  probable  load, 
lis  is  usually  ascertained  in  terms  of  the  number  &.t\&.  S&Xacsxs. 


KOTB.—The   din 


■■a  conaaciol  laid  i<  ^ 


of  lamps  that  will  be  required,  by  making  a  thorough  canvass 
of  the  city  or  town,  or  that  portion  for  which  electrical  energy 
is  to  be  supplied.  The  probable  load  that  the  station  is  to  cany 
when  it  begins  operation,  the  nature  of  this  load,  and  the  prob- 
able rate  of  increase  are  matters  upon  which  the  design 
construction  chiefly  depend. 


pp 


load  ;urve 


\ 


I  *»■  I 

S  TIME 

Flu.  2,717.— Load  curve  for  one  day. 

Ques.    What  is  the  nature  of  the  load  carried  by 
central  station? 

Ans.     It  fluctuates  with  the  time  of  day  and  also  with  the 
time  of  year. 

Ques.    How  is  a  fluctuating  load  best  represented? 

Ans.     Graphically,  that  is  to  say  by  means  of  a  curve  plotted 
on  coordinate  paper  of  which  ordinates  represent  load  values 
and  the  corresponding  a\jsosSK  "Cvaa  n^mrs*.  ^a  ia.  the  accom- 
panying- curves. 
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(hies.    What  is  the  nature  of  a  power  load? 

Ans.  Where  electricity  is  supplied  for  power  purposes  to 
i  number  of  factories,  the  load  is  fairly  steady,  dropping,  of 
course,  during  meal  hours.  In  the  case  of  traction,  the  average 
value  of  the  load  is  fairly  steady  but  there  are  momentarily 
violent  fluctuations  due  to  starting  cars  or  trains. 
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Ques.    What  is  the  peak  load? 

Ans-  The  maximum  load  which  has  to  be  carried  by  the 
station  at  any  time  of  day  or  night  as  shown  by  the  highest 
*oint  of  the  load  curve. 

Ques.    Define  the  load  factor, 

Ans.     The  machinery  of  the  station  evident^  TOadt.\»,»** 
««ft  to  carry  the  peak  load,  and  therefore  co-asvA^^^i 
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excess  of  that  required  for  the  average  demand.     1 
the  average  to  the  maximum  load  is  called  the  load 

There  are  two  kinds  of  load  factor:   the  annual,  and  thi 

The  annual  load  factor  is  obtained  as  a  percentage  by  rr 

number  of  units  sold  (jjer  year)  by  100,  and  dividing  by  ' 

the  maximum  load  and  the  number  of  hours  in  the  year.     ' 

factor  is  obtained  by  taking  the  figures  for  24  hours  instc 

Ques.    What   must   be   provided    in   additk 
machinery  required  to  supply  the  peak  load? 
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Ans.     Additional  units  must  be  installed  for  use 
repairs  or  break  down  of  some  of  the  other  units. 

EXAMPLE.— What  wmM  Ik-  the  Ixjiler  horse  powei 
RcmTnU-  fi,(KN)  kw.  under  the  fi  ilk.winj;  conditions:  Efrk 
crators  STi','.;  fflidt'noy  'if  engines  '.Kl^i'l  feed  water  of 
auxiliaries  15  lbs.  per  1.  II.  I*.;  boiler  pressure  175  lbs.; 
of  fn.il  water  191°  Fahr?  Willi  a  rate  of  combustion  of  1 
'XT  si),  font  of  grate-  jut  hour  and  an  evaporation  (from 
ot  8  urn.  ul  water  i«r  lb.  of  coal,  what  area  of  grate  woul 
and  how  much  hunting  surfaced 

5,000  kw. = 5,000  ■*  .1  «o  -^  3«1  daaATOsi\vOT^  i 
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To  obtain  this  electrical  horse  power  with  alternators  whose  efficiency 
is  85%  requires 

6,702 +.85  ■»  7,885  brake  horse  power  at  the  engine 

This,  with  mechanical  efficiency  of  90%  is  equivalent  to 

7,885 -t- .9  »  8,761  indicated  horse  power 

Since  15  lbs.  of  feed  water  are  required  for  the  engines  and  auxiliaries 
per  indicated  horse  power  per  hour,  the  total  feed  water  or  evaporation 
required  to  generate  5,000  kw.  is 

15X8,761  =  131,415  lbs.  per  hour. 

that  is  to  say,  the  boilers  must  be  ot  sufficient  capacity  to  generate 
131,415  lbs.  of  steam  per  hour  from  water  at  a  temperature  of  150°  Pahr. 
This  must  be  multiplied  by  the  factor  of  evaporation  for  steam  at  175  lbs 
pressure  from  feed  water  at  a  temperature  of  150°,  in  order  to  get  the 
equivalent  evaporation  "from  and  at  212°" 


The  formula  for  the  factor  of  evaporation  is 

IT L 

factor  of  evaporation  =  ^qr-z,       ....        (1) 

in  which 

H  =  total  heat  of  steam  at  the  observed  pressure; 
h = total  heat  of  feed  water  of  the  observed  temj>erature; 
965.7  a  latent  heat,  of  steam  at  atmospheric  pressure. 

Substituting  in  (1)  values  for  the  observed  pressure  and  temperatur* 
as  obtained  from  the  steam  table 

r    .       t  *•         1,197-118     f  1t_ 

factor  of  evaporation  —  — t^z-* —  =  1 .117 

w5.7 

for  which  the  equivalent  evaporation  "from  and  at  212°"  it 
131.415X1.117- 146,791  Vbt.  pet  boot 
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One  boiler  horse  power  being  equal  to  an  evaporation  of  34  ^  lbs.  of 
water  from  a  feed  water  temperature  of  212°  Fahr.,  into  steam  at  the  same 
temperature,  the  boiler  capacity  is  accordingly 

148,105-5-34^=4,293  boiler  horse  power. 

The  rate  of  evaporation  is  given  at  8  lbs.  of  water  (from  and  at  212° 
Fahr.),  for  which  the  fuel  required  is 

148,105-i-8  =  18,513  lbs.  of  coal  per  hour. 

For  a  rate  of  combustion  of  15  lbs.  of  coal  ]>er  hour  per  square  foot 
of  grate, 

grate  area  =  18,513  -5-15  =  1 ,234  sq.  ft. 

For  stationary  boilers  the  usual  ratio  of  heating  surface  to  grate 
area  is  35:1,  accordingly  the  heating  surface  corresponding  to  this 
ratio  is 

1,234X35=43,190  sq.  ft. 

The  above  calculation  is  based  on  a  rate  of  evaj Munition  of  S  II  >s.  «>f 
water  per  lb.  of  coal  and  a  rate  of  combustion  of  15  11  )s.  of  coal  per 
sq.  ft.  of  grate.  For  other  rates  the  required  grate  area  may  be  ob- 
tained from  the  following  table: 


GRATE   SURFACE   PER   HORSE    POWER   (KENT) 


Pounds 

of 
water 

fr»m 

and  ;it 
2  j._,o 

per 

pound 

of 

'     ci;il     I 

I  i 


I 

Pounds' 
of      I 

C«»1       I 

per     I 
h.p.     ' 
jH-r 
hour 


Pounds  of  coal  ljurm-d  per  square  font  uf  gr.iti 


neil  per  s« 
jkt  h«»ur 


food  coal  and  I 
boiler ' 


10 


I 

i   3.  i"» 

3.  S3 


Pair     coal     or  |  l*'in  \    j'.., 
b0lter '*  I    4.93 


I  Poor    coal     or 
boiler 

i 

Lignite     and 
I    poor  boiler . .  . 


fO.O     i    3. 

|    5.75 


17 
fO. 

is 

U.45  ! 10. 


I 


6.0 


s 


10- 


12 


13 


•JO 


25   j   30 


35   1    10 


Siju.ire  feet  Kt.ite  per  horse  power 


.  13 

.  is 

1 

.30  ' 
.54  ' 
.02    ' 

.03    ' 

.72 

.80 


23 


.  23 


.  17 
.  11» 


.  14 
.  15 


33 

3S   1    .32    ■ 

1  I  1  1 

4tl   1    .33    '    .20    1    .20       .10 
43       .30 
10    !    .41 


.20    '    .22   ,    .17    i 
.33   '    .21    ,   .20   1 


.30  ,  .42 
.  5S  1  .4S 
.00   1  .58 


1.23   "1.00  :   .83 

/  /  I 


.31 
.3S 
.40 


l 

.25   j  .20 

.29   '  .23 

.35   I  .2S 


.07   1   .50 


"I 


.40 


.  11 
.  13 

.13 
.  U 
.  17 

.17 
.10 
.23 

.33 


.  10 
.  11 

.  12   ' 
13   ' 
.11 

1 
.15  . 
.  17  ' 
.22   l 

.20 


\ 


00 

10 

10 

11 

12 

.13 
.  14 

.  17 


25 


1,938  BAWKINS  ELECTRICITY 

General  Arrangement  of  Station. — In  designing  an  elec- 
trical station,  it  is  preferable  that  whatever  rooms  or  divisions 
of  the  interior  space  are  desired  should  determine  the  total 

SAVING  DUE  TO  HEATING  THE  FEED  WATER 

Table  showing  the  pcrraitiige  ai  laving  for  each  degive  of  incrau 
feed  water  heated  by  nat  iteam. 
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outside  dimensions  of  the  plant  in  the  original  plans  of  the 
building  than  that  these  latter  dimensions  be  fixed  and  the 
rooms,  etc.,  tie  fitted  in  afterward. 
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ider  usual  conditions  the  plans  of  an  electrical  station  are 
By  drawn,  as  they  are  generally  of  a  simple  nature.  The 
les  and  generators  will  occupy  the  majority  of  the  space, 
these  are  usually  placed  in  one  large  room;  in  some  stations, 
jver,  they  are  located  respectively  in  two  adjacent  rooms, 
boilers  are  generally  located  in  a  room  apart  from  the  engines 


720. — Floor  plan  of  an  electrical  station  having  a  belted  drive  with  counter  shaft. 


lynamos,  and  in  some  cases  a  separate  building  is  provided 
lem;  the  pumps,  etc.,  must  be  installed  not  far  from  the 
■s,  and  space  must  also  be  allowed  near  the  boilers  for  coal 
ishes. 

Fig.  2,720  shows  the  door  plan  of  an  electrical  fitaftoct,  Vcw  ^V&s&w  *> 
vuntershaft  and  belted  connections  are  used  between  \2hft  e&3Q£&&  *s&> 
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generators.  Referring  first  to  the  plan  of  the  building 
scuts  the  engine  and  dynamo  room,  B  denotes  the  boili 
office,  D  the  store  room,  and  E  the  chimney  connected  i 
by  means  of  the  uptake  w.  Referring  next  to  the  appa 
S,  S,  S,  S  represents  a  battery  of  four  boilers;  these  ar 
steam  piping  VV  to  the  two  steam  engjnes,  M  and  M,  n 
to  the  countershaft  O.  Belted  to  the  countershaft  are 
T,  T,  T,  T,  the  circuits  from  which  are  controlled  on  the  s 

Ques.    What  are  the  objections  to  the  ai 
shown  In  fig.  2,720. 

Ans.     The  large  space  required  by  the  belt  drr 


in  location  where  land  is  exjjensive.     Another  obji 

frictional  loss  due  to  the  belt  drive  with  its  counters 

Ques.    What  are  the  desirable  features  of  thf 

Ans.  Hi^h  speed  generators  may  be  used,  thus 
first  cost,  and  the  multiplicity  of  speeds  and  flexi 
system  result  inj;  from  the  use  of  a  friction  clutch. 
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Cues.     Under   what  condition    is    the    cou 
belt  drive  particularly  vaVuaWel 
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?.  In  case  of  a  break  down  of  any  one  of  the  engines  or 
itors,  and  also  when  it  becomes  necessary  to  clean  them 
at  interrupting  the  service. 


22. — Plan  of  station  arranged  for  extension.  The  space  required  for  a  central  station 
snds  upon  the  number  and  land  of  lights  to  be  supplied,  and  upon  the  character  and 
ngement  of  the  machinery.  In  calculating  the  size  of  building  required,  two  things 
t  be  carefully  considered:  first,  the  building  must  be  adapted  to  the  plant  to  be 
alkd  in  the  beginning;  and  second,  it  must  be  arranged  so  that  enlargement  ran  be 
le  without  disarranging  or  interfering  with  the  plant  already  in  existence.  This  is 
illy  best  secured  by  providing  for  expansion  in  one  or  two  definite  directions,  the 
ding  being  made  large  enough  to  accommodate  additional  units  that  will  be  necessary 
one  future  time  because  of  the  growth  of  the  community  and  consequent  increased 
umd  for  electric  current. 


es.  How  may  the  design  in  fig.  2,720  be  modified 
he  installation  of  a  storage  battery? 

s.  If  a  storage  battery  be  necessary,  a  partition  may  be 
meted  across  the  room  A,  as  indicated  by  the  dotted  linest 
be  battery  installed  in  the  room  thus  iormeti. 
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Que*.     Mention  a  few  details  In  the  general  arrange- 
ment of  the  building  fig.  2,720. 

Ana,  Two  doors  to  the  room  A  may  conveniently  be  pro- 
tidedatKand  Lithe  former  connecting  with  the  boiler  room  B,  and 
the  letter  serving  as  the  main  entrance  to  the  station.  There 
.»  little  that  need  be  added  to  what  has  already  been  stated 
the  boiler  room  B.  The  door  at  F  provides  for  the 
of  coal  and  the  removal  of  ashes,  while  at  P,  the  pump 
■at  heaters  may  conveniently  be  located.  In  the  office  C, 
■  may  be  received,  the  station  reports  made  out,  bulletins 
from  time  to  time,  and  whatever  engineering  problems 
da  may  here  be  solved  on  paper  by  the  engineer  in  charge  of 
plant.  The  store  room  D  will  be  found  convenient  for 
supplies,  tools  and  appliances  needed  in  the  operation 
station.  These  may  here  be  kept  under  lock  and  key 
daily  waste  and  loss  resulting  from  carelessness  avoided. 
.  What  important  point  should  be  noted  in 
rating  the  engines  and  boilers? 

Am     They  should  be   so   placed   that   the   piping   between 
Km  will  be  as  short  and  direct  as  possible. 

Owe,    Why? 

I  Aits.  The  steam  pipe  should  be  short  to  reduce  the  loss  of 
mst  between  engine  and  boiler  to  a  minimum,  and  both  short 
*nd  direct  to  avoid  undue  friction  and  consequent  drop  in 
pnaatre  of  the  steam  in  passing  through  the  pipe  to  the  engine. 

Entirely  too  little  attention  is  given  tii  this  mailer  on  the  part  of 
rtritimii  and  it  cannot  be  too  strongly  emphasized  that,  fur  ivimonn-, 
the  abeam  pipe  between  an  engine  ami  boiler  should  lx'  as  short  mid 
direct  as  possible,  having  regard  of  course,  for  projier  piping  methods. 

Qoca.    What  should  be  provided  for  the  steam  pipe? 

Am.    A   heavy   covering   of   approved   irAa\jer\2i  &£*&&,  ^ 
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placed  around  the  pipe  to  reduce  the  loss  of  heat  by  radiati 
For  this  purpose  hair  felt,  mineral  wool  and  asbestos  are  us 


Ques.     Mow  should  the  piping  be  arranged  between 
engine  and  condenser,  and  why? 

Ans.  It  should  lie  as  shurt  and  direct  as  ]x>ssible;  espec 
should  eJbou'.s  be  jivou\w\  so  \.UaX  tf\«  back  pressure  on  the  a 
piston  will  be  reduced  as  near  ascan.1CitV>^i»!((<fc'^DSi«»ii 
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is  to  say,  in  order  to 

j-  Die  full  effect  of  the 
in  the  condenser  the 
1  resistance  of  the  pip- 
lld    be   reduced   to  » 

90s  turns  are  neces- 

f  DendsshoiuV!  loused 
if  sharp  elbows.  The 
his  argument  must  be 
by  noting  the  prac- 
tcam  turbine  buiMers 
e  the  turbine  right  up 
be  condenser,  and  re- 
nt; that  a  high  vacuum 
ary  to  the  economical 
of  a  turbine.  See  fig. 
-gc  1,182. 


What  are  the 
ations  reapect- 
•.    number    and 

engine   to    be 

Li  the  illustration 
),  two  engines  M 
ire  employed,  one 
.  each  end  of  the 
laft  O.  These  en- 
uld  be  of  similar 
;al  pattern;  for  a 
put  they  may  be 
iple  or  compound, 
iditions  of  fuel  ex- 
may  dictate,  but 
■yut  be  large,  triple 
l  engines  or  tur- 
advisable. 


In  operation,  during  the  greater  put  tttbe  day,  one  engine  raffl 
two  or  perhaps  three  of  the  generators,  will  carry  the  load,  bat  wtail 
load  is  particularly  heavy,  as  in  the  morning  and  evening,  both  oip 
.ind  all  ihu  gcniTiitors  miiy  It  required  k 


Pig.  2.72H.— Method  of  ™necting  a  header  toabattOTrf  boilers.    Where  twoor 
are  i -onneuted  to  a  cirioV  header .  the  us*  of  a  reliable  non-reTum  boiler  atop 
ries  their  installation  ie  compulsory.    An 
lould  the  pressure  in  the  boiler  to  which  i  t 
>  header,  and  thereby  prevent  the  entrant 

.    ThiaauddendecTeaeeinr.rrssuremaybaica . 

mtinpor  tne  Nowinit  out  of  a  tube,  in  which  event  ar.  ndioui  ■■'op  valve  ubflr^i, 
of  a  non-rotum  boiler  strip  valve  would  be  inadequate,  as  the  lots  of  (team  (ran  IM 
boilers  of  the  Battery  would  he  tremendous  before  ;m  ordinary  valve  eoukl  b»  «■ 
and  closed,  assuming  that  it  would  he  possible  to  iIm  K,  wl»,.h  in  the  majority*1 
it  is  not.  Should  it  be  desired  to  cut  out  a  boiler  tor  Ofaaadna  EM  repair*,  theno** 
boiler  stop  valve  will  not  permit  steam  to  enter  the  boHat  (ran  the  header,  even* 
the  handwhcel  be  operated  for  this  purpose,  as  it  Bunrt  ba  mid  by  hand,  W 

connected  to  an  (ingle  valve  on  tlm  header.  A  pipab-nd  should  t*>  used  lot  conmtla 
valves,  is  this  will  allow  for  eipansion  and  contra  rJon.  11,.  ptM  sboall  MM 
downward  toward  the  h?ad«  and  a  suitable  drain  kotoi  A-  Tins  drain  should  brf 
and  all  water  permitted  to  escape  before  the  angle  valve  is  opened,  thereby  prrro 
any  damage  due  to  water  hammer. 

BvexerdangaUtt\e\Tujerriva\7jStiS^ai%ti[nkiarlon< 

at  different  times,  both  en^n»w\4.i'i — *— "  — ' •■ 

repaired  without  in.tenuptuos.'ilvs  «a 
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t.     For  economy  what  kind  of  steam  should  be  used? 
Super-heated  steam. 


s.     How  should  the  machines  be  located? 

Sufficient  space  should  be  allowed  between  them  that 
g  and  repairing  may  be  done  easily,  quickly  and  effectually. 


ft  and  2.728. — Method  of  preventing  vitwntiqi 
/While  the  pipe  i>  illustrated  ns  resting  un  the  adjur. 


utemfin  v/ili  take  care  of  the 


■jvi-le-l  fur." 


*s.    How  should  the  switchboard  be  located? 

In  fig.  2,720,  the  switchboard  H  is  mounted  against  the 
ividing  the  room  A  from  the  room  B,  and  is  in  line  with 
ichines. 

The  advantages  arising  from  a  switchboard  thus  installed  are,  that 
ic  switchboard  attendant  working  thereon  tan  obtain  at  any  time  an 
nobstructcd  view  of  the  jjorformance  of  each  individual  machine,  and 
e  has  in  consequence  a  much  better  control  of  them;  then,  too,  while 
e  is  engaged  at  the  engines  or  generators  he  can  also  sec  the  measuring 
istruments  on  the  switchboard,  and  ascertain  approximately  the 
ladings  upon  them. 

In  cases  of  emergency  it  is  sometimes  necessary  for  the  engineer  in 
^arge  of  a  plant  to  be  in  several  places  at  the  same  XJONC  Sa,  Cft&et.  'Wa 


HAWKINS  ELECTRICITY 


prevent  an   accident,   anil   that  this  se> 

approximated  as  nearly  as  possible,  it  is 

devices  be  located  as  closely  together  as  is  consistent,  and  that  no  nwi 

belt  or  pulley  intervene  lietwccn  them. 

These  conditions  are  well  satisfied  in  fig.  2,720,  and  owing  to  tl 
short  distances  between  the  generators  and  the  switchboard  the  drop1 
voltage  in  each  of  the  conducting  wires  between  them  will  be  low. 

This  latter  advantage  is  worthy  of  notice  in  a.  station  generating  lfl| 
currents  at  a  low  pressure.  To  offset  the  advantages  just  mfliticot 
the  location  of  the  switchboard  in  Une  with  the  machines  introte 
on  clement  of  danger   to  the  switchboard,  its  apparatus,  mi ' 


■mil  nitlh-xl  i4  j. 


If  tile 


m  uprncd  before  the  lii  W 

■X  Hh-  jm^ilile  bursiing  of   a  flywheel  o:  ° 

«■  placed  in  the  dot  led  position  at  H', or, in1 
at  the  <.|'i*--i!<-  en.l  ..f  i he  rnmu  A,  the  damage  to  life  and  prop 
that  illicit  refill  I '..in  the  elTats  ..f  cent  rif  anal  force  would  he  H 
natfi,  bill  in  jila.  ■■  AhiTe..f  wmtldlw  the  disadvantages  of  an  nbstnj 
view  of  (.In-  Ttirn-lii'.'.i-;  U".vi  vVio  ••w^\\»i,^,ttn*«W8iew&.-t««« 
siu'fc,'jlni;ir'l  fmm  the  m.,.;Vm<-*.  m.\vvv<,sMi\\vs  Vwvwso.  >i«*. w 
a  greater  rlrupol"  v.Juifti1  in  Vw  v.v.M»nVJ  'i-Onees 
tfia  generators  and  the  nwvtcYitaoaia. 
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i.    Describe  a  second  arrangement  of  station  with 
rive  and  compare  it  with  the  design  shown  in  fig. 

A  floor  plan  somewhat  different  from  that  presented 
!,720  is  shown  in  fig.  2,731.    Here  a  belt  drive  is  employed, 

E 


I. —Plan  of  electrical  station  with  belt  drive  without  counter  shaft.  The  installation 
represented  consists  of  two  boilers,  S,  etc.,  and  three  sets  of  engines  and  generators, 
,  etc.  Sufficient  allowance  has  been  made  in  the  plans,  however,  for  future  increase 
sinesfl,  as  additional  space  has  been  provided  for  an  extra  engine  and  generator  set, 
Heated  by  the  dotted  lines. 

:>  countershaft  is  used.     Each   generator,  therefore^  is 
]ent  upon  its  respective  engine,  and  m  cot)S£a^e&£&  *&sfc 
v  obtained  by  the  use  of  a  countershaft  \&\o&.    Qtl^ 
k4  therh  is  less  loss  of  mechanical  pows  Y*fcww&^ 
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.  engines  and  generators  in  the  driving  of  the  latter,  and  leas 
space  is  necessary  in  the  room  A.    If,  however,  the  floor. 
of  this  room  be  made  the  same  as  in  the  previous 
and  the  same  number  of  machines  are  to  be  installed,  they 
be  spaced  further  apart,  affording  in  consequence 
more  room  for  cleaning  and  repairing  them. 

In  operation,  the  normal  conditions  should  be  such  that  any  twj 
the  engine  an4  generator  sets  may  readily  carry  the  average  load, 
third  set  to  be  used  only  as  a  reserve  either  to  aid  the  other  two  ~* 
the  load  is  unusually  heavy  or  to  replace  one  of  the  other  sets 
becomes  necessary  to  dean  or  repair  the  latter. 

The  switchboard  may  perhaps  be  best  located  at  H,  as  a  sunuart 
tion  on  the  opposite  side  of  the  room  A  would  bring  it  beneath  ootj 
more  of  the  steam  pipes  and  thus  endanger  it  should  a  possible  lot! 
occur  from  these  pipes.    If  located  at  H,  however,  it  win  be  in  fine1 
the  machines,  ana  therefore  will  be  subject  to  the  disadvantages 
viously  mentioned  for  such  cases;  consequently  it  might  be  as 
place  it  at  the  further  end  of  the  room,  either  against  the  pi 
(shown  dotted)  of  the  storage  battery  room  if  this  be  built,  or 
no  storage  battery  is  to  be  installed),  against  the  end  wall  itsdL 
nearer  end  of  the  room  A  would  not  be  very  desirable  for  the 
board  installation  on  account  of  being  so  far  removed  from  the  mi 
and  therefore  more  or  less  inaccessible  from  them.     Outside  of 
has  now  been  n,entionedf  the  division  of  the  floor  plan  and  the 
ment  therein  is  practically  the  same  as  in  fig.  2,720,  accordingly 
has  already  been  stated  regarding  the  former  installation  applies, 
fore,  with  equal  force  to  the  present  installation. 

Ques.    Describe  a  plant  with  direct  drive. 

Ans.     This  type  of  drive  is  shown  in  fig.  2,732.    Each 
is  directly  connected  to  a  generator,  that  is,  the  main  shafts 
both  are  joined  together  in  line  so  that  the  generator  is 
without  the  aid  of  a  belt. 

Ques.    What  is  the  advantage  of  direct  drive? 

Ans.     The  great  saving  in  floor  space,  which  is  plainly  show 

in  fig.  2,732,  the  portion  &'  tc^kswd&d% ^8ofe  taxing  which  n 

suits  over  the  installations  pieN\ow^3  %itoasfcc*\*k  Ssv^s^^ 

md  2,731. 
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ties.    How  could  the  floor  space  be  further  reduced  ? 

is.    By  employing  vertical  instead  of  horizontal  engines. 
lea.    What  should  be  done  before  drawing  the  plans 
be  station? 

s.    The  types  of  the  various  machines  and  apparatus  to 
stalled  should,  as  nearly  as  possible,  be  selected  in  advance 


Am  shown,  space  u 
by  th«  dotttaiiri™. 


at  their  approximate  dimensions  may  serve  as  a  guide  in 
ing  up  the  plans  of  the  building. 

Owing  to  the  great  difference  in  these  dimensions  for  the  various 
types,  and  in  fact  lor  the  same  types  as  maauSattattA.  >*J  *(&<««*. 
itif~^  bo  definite  rules  regarding  the  necessary  s^araa  -Ra£&rc&.  •» 
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here  be  given.    la  a  general  way.  however,  the  author  has 
to  indicate  by  the  drawings  the  relative  amounts  of  apem  that 
would  be  considered  sufficient. 

Quee.    What  it  the  disadvantage  of  direct  drift? 

Ans.    A  more  expensive  generator  is  required  because  it 
run  at  the  same  speed  as  the  engine,  which  is  relatively  law 
compared  with  that  of  a  belted  generator. 

*    Station  Construction*— The  construction  or 
of  the  building  intended  for  the  plant  is  a  problem  that 
ordinary  conditions  would  be  solved  by  an  architect,  or  at 
by  an  architect  with  the  assistance  of  an  electrical  or 
engineer,  still  there  are  many  installations  where  the 
engineer  has  been  compelled  to  design  the  building. 

In  such  instances  he  should  be  equipped  with  a 
knowledge  of  the  construction  of  buildings. 

Foundations. — The  foundation  may  be  eithter  natural. 
artificial;  that  is,  it  may  be  composed  of  rock  or  soil 
solid  to  serve  the  purpose  unaided,  or  it  may  be  such  as  to 
strengthening  by  means  of  wood  or  iron  beams,  etc.     In 
case  any  tendency  toward  a  considerable  settling  or  shifting' 
the  foundation  due  to  the  action  of  water,  frost,  etc.,  after 
station  has  been  completed  must  be  well  guarded  against   T 
this  end  special  attention  should  be  given  to  the  matter 
drainage. 

Ques.    How  should  the  foundation  be  constructed  ! 
the  machines? 

Ans.    The  foundations  con&\iT\xcX*A  lot  tha  machines  six 

— «■«*  from.  \,YvaOa>xk\Acrc  ^^  "**?&&  <&>&a\sSJ 
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If  there  be  several  engines  and  dynamos  to  be  installed,  it  is  best  to  ( 
construct  two  foundations,  one  for  the  engines  and  one  for  the  dynamos. 
If,  however,  there  be  considerable  distance  between  the  units,  it  may 
be  advisable  to  build  B  separate  foundation  for  each  engincand  for  each 
dvnamo.  The  material  of  which  these  foundations  arc  compoix-d  should 
if*! he  machines  be  of  20  horse  power  or  over,  possess  considerable  strength 
and  bo  impervious  to  moisture.  Brick,  stone  and  concrete  are  desirable 
for  the  purpose,  and  only  the  best  quality  of  cement  mortar  should  be 
employed.  Care  must  be  taken  that  lime  mortar  is  not  used  in  place 
of  cement  mortar,  as  the  former  is  not  well  adapted  to  withstand  the 
vibrations  of  the  machines  without  crumbling. 


e  walli  of  the  building  pi 


SUB-SOIL 
i.  2  733. — Angle  'or  foomUtion  footing.    In  ordinary  practice  the  font™  counea  upon 

■  ■   «-  *■* "-  -*  «—i-.iiJ: — -    consist  of  lJi*- ',£.'!  or  sl.ili:;  of  s-.inu-  ;■.,  Ijiriji:  am 

PootinKi  of  briclt  or  conrrttr  :jic  also  u«l  in 
*r  grillage,  arc  oflen  employed.  A  itrilbin;  of 
reessfuUy.  The  Inclination  at  the  angle  «.  of 
:tal  touting!  7.V;  for  stone.  «)*;  for  n  mere tr. 
[state,  or  layer  of  asphalt  an-  hid  in  or  on  the 
re  arising  or  penetrating  by  capillary  attractiun. 


Ques.     Describe  a  method  of  constructing  foundations. 

Ans.  An  excavation  is  made  to  the  desired  depth  and  a  form 
.inserted  corresponding  to  the  desired  dimensions  for  the  fotmda- 
[fno.  A  template  is  placed  on  top  locating  all  the  centers. 
I  *ith  iron  pipes  suspended  from  these  centers,  two  ere  \3kmc,  ^msb 
fAiga-  than  the  anchor  bolts.  At  the  lower  en&  cA  tVc  y^ys.  ww 
ww  boxes.     Concrete  is  poured  into  the  Tn,OAl\&.  l\u&  Vara* 


md  when  hard,  the  forms  are  removed  thus  leaving  ttiesolil 
Eoundfttion.  The  anchor  bolts  are  inserted  through  the  pipi 
jnd  passed  through  iron  plates  at  the  lower  end  as  shown  i 
Bg.  2,*  34,  being  secured  by  nuts.  By  using  pipe  of  two  or  tl»! 
bolt  diameters  a  margin  is  provided  for  adjustment  so  the  bd 
will  pass  through  the  holes  in  the  frame  of  the  machine  th 
allowing  for  any  slight  errors  in  laying  out  the  centers  on  I 
template. 


Fig.  2,734.— Cwirr*  W.:iaii 


Ques.    What  is  the  object  of  the  openings  in  the  bott 
of  the  foundation? 

Ans.     In  case  of  a  defective  bolt  it  may  be  replaced  t>] 
new  one  without  injury  to  the  foundation. 

Walls. — Regarding  the,  material  for  the  walls  of  the  stat 
iron,  stone,  brick  and  -wooi  Tt\a>j  Va  fcansa&sreSL.  vs.  ■&*«..  ii 
hi  the  form  of  aheeto  ot'p\BS«&  wi&.\*  «£■*!  w* 

\ 
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itself  a  conductor  would  introduce  difficulties  in  main- 
g  a.  high  insulation  resistance  of  the  current  carrying 
ts;  it  "would  also  make  the  building  difficult  to  heat  in 
r  and  to  keep  cool  in  summer.  Stone  in  the  form  of  lime- 
,  granite  or  sandstone,  as  a  building  material  is  desirable 
alidity  and  attractiveness;  it  is  also  fireproof  and  an  insu- 
,  but  the  high  cost  of  such  a  structure  for  an  electrical 
on  11303117  prohibits  its  use  except  in  private  plants  or  in 
Heal  stations  located  in  large  cities. 

CENTER  LINE 
ANCHOR  BOLTj 


which  the  center  In 


:  bolts  pnu  ai 
6k.  2.754,  wit 


oeating  anchor  bolt  centers,  pipe*  thrc 
end  of  bolts.  The  completed  foundatii 
The  template  is  made  of  plain  boards  1 
■liter  located.    Holes  are  bored  at  the 


Brick  is  a  good  material  and  is  readily  obtained  in  nearly  all 
■its  of  the  country;  it  is  comparatively  cheap,  and  is  also  an 
dilating  and  fireproof  material.  The  bricks  selected  for  this 
impose  should  possess  true  sharp  edges,  and  be  hard  burned. 

Ques.    What  are  the  features  of  wood? 
1  Aas.    Wood  forms  the  cheapest  material  tnat  can.  \ife  ms*A. 
h-ibe  walls  of  electrical  stations,  and,  it  ■usuaSYv  «fioe&&  »*»*■ 
*on.  but  has  the  disadvantage  of  high  fire  ris&t. 
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Roofs; — In  fig.  2,736  is  shown  one  form  of  construct 
the  roof  of  an  electrical  station.  The  end  view  here  pr 
shows  the  upper  portion  of  the  walls  at  B  and  D;  these  i 
the  iron  trusses  C,  and  the  roof  proper  MN,  In  many  ! 
there  is  provided  throughout  the  length  of  the  building,  a  i 
or  raised  structure  on  the  peak  of  the  roof  for  ventilat 
light.  The  end  view  of  the  monitor  is  shown  at  S  in  th« 
its  sides  should  be  fitted  with  windows  adjustable  from  tl 


Floors. — The  floor  of  the  station  should  be  so  design 
it  will  be  capable  of  supporting  a  reasonable  weight,  but 
weights  of  the  machine's  arc  borne  entirely  by  their  ret 
foundations  the  normal  weight  upon  the  floor  will  not  b 
for  short  periods,  however,  it,  may  be  called  upon  to  supr. 
or  two  machines  whue  tJaej  aie  \xamj,  ^mA  -m.  -^js 
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iged,   and    due    allowance  must    be  made  for  such 

:es. 

i  floors  for  engine  and  dynamo  rooms  are,  as  a  rule, 

ed  of  wood.     Where  very  high  currents  are  generated, 

insulated  floors  of    special  construction   mounted  on 
necessary  as  a  protection  from  injurious  shocks.    Brick, 

cement,  and  other  substances  of  a  similar  nature  are 


TICAL  DRAFT  PRESSURE  IN  INCHES  OF  WATER  IN 
A  CHIMNEY   100  FEET  HIGH 

(For  other  height!  the  draft  varies  directly  as  the  bright) 
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able  as  a  floor  material  for  engine  and  dynamo  rooms 
nt  of  the  grit  from  them,  caused  by  constant  wear, 
>le  to  get  into  the  bearings  of  the  machines, 
there  are  no  moving  parts,  however,  as  in  the  boiler 
e  materials  just  mentioned  possess  no  disadvantages 
areferable  to  wood  on  account  of  being  fireproof. 


aeys. — These  are  generally  constructed  of  brick  and 
etimes  of  concrete,    lion  chimneys  coafc  less  \bax*AKv3s. 
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rys,    necessitate   less    substantial    foundations,    and   arc 
jm  the  liability  of  cracking.     They  must  be  painted  to 
corrosion,  are  less  substantial,  and  lose  considerably 
t  by  radiation  than  do  brick  chimneys. 

E  and  iron  chimneys,  require  an  inner  wall  or  lining 
il  forms  the  flue  proper,  and  in  order  that  this  wall 
)  by  sudden  cooling  an  air  space  is  left  between  it 
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kMIinMltd,  whilpii]  lit  hers.  ':',.■■    ■  .'  ■■(  ■;-..-.  h.n  i  .il  .hull  iri  =  i  .-...miii  I*  deter- 

|.|  ■    ■     limlent  <t- 

_4]at«l.     C»ts  »re  shown   (or   I  ■■  .111   -.:.■,■:,:   r.  I  ■  ■■!  .in  I   iii-1.i.  ■  ■  I   ■     ifinerirm-n 

_jr  duple*  engine  driven  plans-.         '■-!::.  Ii  .-it'-icr  !:m  ni.iy  st-rve  ;is  n  relay.     An 

■»  at  the  latter  type  is  the  most  eipeusiv*,  ind.  (Inns  iti  greatest  use  where 

era  «™  employed. 

it  outer  wall.      In  a  brick  chimney  the  inner  iralV  TtfsA  -wA. 
|  much  beyond  half  the  height  of  the  chimney ,  \»X  Vnea, 
used  it  should  reach  to  the  top. 
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Ques.  Upon  what  does  the  force  of  natural 
in  a  chimney  depend? 

Ans.  It  depends  upon  the  difference  between  the 
the  column  of  hot  pases  inside  the  chimney  and  the 
a  like  column  of  the  cold  external  air. 


Ques.     How  is  the  intensity  of  the  draught  exp 

Ans.     In  terms  of  tt\e  tohv4i«  -A  \m*m»  *&.  ■&.  -kiJj 
sustained  by  the  pressaw'-  \**w\\w:c&. 
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Ques.    Are  high  chimneys  necessary? 

Ans.    No. 

Chimneys  above  1.50  feet  in  bright  are  very  cnslly,  and  their  increasrd 
tut  ii  not  justified  by  increased  efiiticncy. 


—  ■ ~  „ ...ilrly  ova  the  nndc.fn   ...     . 

■  diaehargcd.    Thin  duct  a  cami.il  under  srounrt  M-ma  the  (runt  uf  the  boilers.  1 
ah  pits  of  each  nf  which  funnci/li'm  in  m.-iln   thi'jujih  In  audi  tlnrts.    i' 

ripenine  is  provided  with  speci.v  ii::'-.  j.it  ii.ira;u'i,  i>in-r:itv<l  l,y  rn.lcVd  

LitrattfT  in  thi?  (leljil.  'Ilji'i  *iii'ih..d  of  muudiKlior:  i.oiw-;  [■■  di>[ii;jihl^  lh':  ui 
tbsssh  pit.  and  to  iKiite  even  flcjiy  [  h  r .  ;m  .;  1 1  tin-  furl  upon  I  In:  yriitt  aluvt.  Hi"  ioulv;.  (!]:: 
ssh  pit  do<,rs  rr.ust  rr-m.jiii  clo-si-d  in  order  in  brim.-  I'.boiu  th:s  rvjill.  A  cliiuiiiL'V  of  :;utii- 
L-rfnl  hiiijlil  to  merely  disrhiirtfe  tlic  «:!«■;  al-jv-  „:,;,,  lionabk-  Uvi.-I  is  .ill  t>i:it  ij  nbsci'uSdy 
mcRwry  with  thn  aj laiqfeuicnt.  AhhnuKh  the  mtioducluai  uf  it  f,»n  ■«  ™rt  "lrf  n,jnf  ■■ 
awally  evidence  of  tba  innilBdcnrr  nt  the  milting  chimney  to  m 
nuh  a.  rhimnev.  hill,  hmn>vi-r.  usu.-ilk'  :..  iit  m,  ;,  doliiiruc  pipe  for  the  EMK«  win 
i-  t:i,.Mi  .7  mere  .-i.'ixLlijj.y  to  tlit  chimni 
uf  draught  production  i>  concerned. 


ir  within 


The  latest  chimney  practice  is  to  liuild  two  or  more  small  chimneys 
instead  of  one  lanfo  one.  A  notable  example  is  V\\e  %\ito&u&&  ^w^t 
ReSnery  in  Philadelphia,  where  three  separate  c\\\nwwrjs  ai*  >as*ftTv* 
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one  boiler  plant  of  7,500  horse  power.    The  three  chimneys  are 
have  cost  several  thousand  dollars  less  than  an  equivalent  single  cl 
Very  tall  chimneys  have  been  characterized  by  one  writer  m 
umtnts  lo  tke  folly  of  their  builders." 


ECONOMIZERS 

Jfil 

DAMPERS 

r 

i1- 

1 

BY- PASS 

BY- PASS 

BOILERS 

DAMPERS 

BOILERS 

BOILERS 

BOILERS 

1 

BOILERS 

BOILERS 

ECONOMIZERS 


S  niii]  2,7-1(1. — Cnmnarimn  nf  chimney  draft  anil  mcchnnicul  dmft. 

xW-aH.iiK.f  •Af"    "■■-■■' .....,...■.....-.: ,.  .  . 

i-:V™V,!-'n:'-.,\,Tw'V-l 

f',r '■ln:"1:;;:n,m'v?l'''1.(,';;-"''  '■>  ':. ''..'.'v'.-'  l"',-", 

rlHvni  l.v  a  .,..■  :.l  .-VIM,-..  ,]ir,..t,.  ,n»«- 

<1. :.   ■, ;  .]:■.,  I-  '.  .r:  In-  t-i  :ir.-  i.'.i-i.     Ash   rtiit.tl  pi;. I.-  Mack 

(lls.!,.-^  lliL'EH.-:   HI- 1   :.l..v,.  111.'  l-.iler  h..us.-  r...F.      All 


illl.rl„-ikT 
t<-(lii[>l.\  iii.lii.i-tt  draught  nppati 

V'. i ' t.V ' ' , ; ',.  f'. , -V ' '.'■'. ;L f , '.' "n n d  £:h% 

Ash   rl  M.-..I  j.1.,1. 


Ques.     How  is  mechanical  draft  secured? 
Ans.      In  two   ways,   known   rvsrwr  lively   as  *«d 
and  JoTixJ  draught. 

Ques.     Describe  the  method  of  induced  dn 
'""■      A  fan  is  locaV'A  \\\  \.W  sw»Aw.  $«*.,  v 
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Deration  draws  the  gases  through  the  furnace  and  discharges 

lem  into  a  short  chimney. 

Ques.    Describe  the  method  of  forced  draft. 

Ans.     In  this  method,  air  is  forced  into  the  furnace  under- 
ath  the  grate  bars  by  means  of  a  fan  or  a  steam  jet  blower. 


What  is  the  application  of  the  two  systems? 
I  Ans.     Induced  draft  is  installed  mostly  in  new  plants,  while 
■Teed  draft  is  better  adapted  to  old  plants. 

Steam  Turbines. — It  is  not  the  author's  intention  to  discuss 
■  length  the  steam  end  of  the  electric  plant,  because  too  much 
•ace  would  be  required,  and  also  because  the  subject  belongs 
"Cperfy   to   the  field  of  mechanical   engmecruvj  xastaet  *0oaa 
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;.  2.748. — Longitudinal  s« 
ends  of  the  suindfe  are  extended 


of  elementary  Parsons  typo  steam  turbine.  Tlftnl 
™«ing.  or  cylinder,  and  a  revolvinsr  spindle  or  dram, 
i  tho  form  of  a  shaft,  carried  in  two  bearingiAs* 
.  roan  pari!  ot  the  governing  mechanism  and  the  oil  pump,  that  t 
rubbing  parts  in  the  entire  turbine.  Steam  enters  f™n  the  Ittia 
irough  the  main  throttle  or  regulating  valve  D.  which,  as  actually 
nrnciHi,  is  a  nauuiecd  valve.  This  valva  ii  operated  hy  the  Bnvrrnnr  through  mi 
controlling  mechanism.  The  •team  enter!  tin  cylinder  through  the  passage  E  and.  tu 
to  the  left  passes  tl' rough  alternate  stationary  and  revolving  mi  of  blades,  finally  o 
iug  from  them  at  F  and  flowing  through  the  connection  G  to  the  condenser  or  t 
atmosphere.,  depending  upon  whether  the.  t-jrhinc  ia  condensing  or  non-con  denting, 
row  of  blades,  both,  stationary  nrul  n-v..lvir,K,  e<t.ei;ils  completely  around  the  rurbin 
the  (team  Bun  through  the  full  annulus  between  the  spindle  nnd  the  cylinder, 
ideal  turbine  the  Wins  of  the.  Kmles  and  the  diameter  of  the  spindle  wliidi  ranits 
would  continuously  and  gradually  increase  (torn  the  steam  inlet  to  the  rxtuust, 
ticallv.  however,  the  desired  ehVot  is  tirurii.i-ed  by  nviki::[<  the  spindle  in  steps,  llusf. 
generally  three  such  steps  or  stages,  H.  J  nnd  K.  The  blades  in  each  step  are  art. 
in  groups  of  increasing  Length.  At  the  uefrinning  of  each  of  the  larger  stens,  the  1 
arc  usually  shorter  than  at  the  end  of  the  pieeeibni;  smaller  step,  the  change  being 
in  sueb  a  way  ili.t.  tin:  e.etvect  re'atinn  of  blade  length  to  spindle  diameter  is  lei 
The  steam,  airir.K  as  prcviciuilv  deserihed .  produees  a  thinst  lending  to  force  the  SI 
tuv.Mnl  tlu-  U-ft.  ;'S  seen  ill  tl-.i;  em.  Tlii'i  thrust,  however,  in  counteracted  bv  the  "b.i 
pistons."  h.  M  and  N.  which  are  of  the  ncti-wr.-  diameter  to  neutralize  the  thruit  c 
Ipindle  steps,  ii.  J  and  K,  n-spec lively.  These  elemt-iils  lire  called  "  pntimV  tm 
venieme.  iilth'iujrli  thev  do  not  come  in  contact  with  the  cylinder,  but  tioth  the  pistos 
the  ii  Under  art-  po.yid'  d  -.villi  alternate  rincs  which  form  a  labyrinth  ™.-l™ii»  i.>  i 
the  leakage  i,f  steam.  In  order  that  eaeh  balance  pislon  may  have  the 
h-.th  i.ides.  e.|ii.i:i']i-..;  p..<-aees  O,   P  ;i:ul  O  ure  piot-h-d   c 

wit h  the  cori-e/ponditu.'  sbij;e5  i'f  the  blading:  The  cod  nun™,  ucliik  uius  ytmni 
m-u\\;t.:r.i-A  V.v  mums  ot  the  lu'smtr  pist.;:.  :,  '.lie  somdle  "  ilo.v.s "  so  that  it  can  btl 
1  h  r  f  i 

is  adjustable  so  a_s  to  locate' and  hi 


Mhebahm.s 


asmalladiustal: 

This  col.ar  l„;.„ 


prem- 


ier, that 


ivill  be  reduce, 


of  the  main  hriri 
die  in  sueh  pistk 


in  and.  at  tlie  sa 


,  ....  te  npcr.it urc.      Where    the  i 

■s  out  of  the  (  y'le'lcr.  at  li  and  T.  it  is  iio.vssary  to  provide  j^'i'. E.-i  ;t  i:.  Iej'k.^1" 
it-  ,■  .kin;,'  ..i"  so-.i-.n  hy  means  ,,'  t.  :eids.  Tr.:  ■!■  i- "...  !i-1  -.  a-e  made  i.i:Tht  bv  wiSffls 
.-i'hoi.1  m- 1  ri,    inritael.      Th.-  s'..,ft  of  ill.;  t.ol.me  :■,  i-i'.coded  »t  U  and  conpi 


Ulc  all-i/t  of  the  .-vttiT,.iO  i    'ny  iiiei-.s  .i!  a  f!..ib:e  f.  .nolir.ii.      The  high  pressure  he» 

arc  so    projH.rliore!    tb.at.    ■-'A  ■..;■,  njna.  o\eirti  :■.■■.  v-,,,'io  a  ■.!■.■   ilia  rib.d.  tln-y  hjuicl 
-.i;«ei(yt.|  ■    ■  '      '■    -    '■      -■'-  -^    -••    -  ■■     -■"■   '  -■■■■■'■■  •■- 


Vjs;thera™ 


, if   (Vie  i.tiYvilaTy  \\m.\u..1vmv-oV 

Ihr.,uKh  i lie   valve  D.  thu-.  v..-.no.i-.;  p...-.o-.v.v...-,v.-.  ■■■■■  ■■■    f--»j-gg~j 

/.rr,x,m.ilHy  (be-    rate      V-^-      >»  S*T*  *e?-rt«SSS 

strJ/nit.  steam  to  an    t 

cully  in  Ihf  illustration         arr.™,eO  ^  ,.  aasCow  **»* 

cumstances.ltiei.wd  either  *»  *o*ii  W  ««  «waw»  ™. 
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ical  engineering.  However,  because  of  the  recent  intro- 
an  of  the  steam  turbine  for  the  direct  driving  of  large 
ators,  and  the  fact  that  it  is  now  almost  universally  used  in 
central  stations,  a  detailed  explanation  of  its  principles  and 
ruction  may  not  be  out  of  place. 

urbine  is  a  machine  in  which  a  rotary  motion  is  obtained 
s  of  the  momentum  of  a  fluid  or  gas.     In  general 


M 


H 


in  r  us  r  til  i 


Ell 


19. — Arrangement  of  hi 


%m 


n  Parsons  tyrw  turhlni 


uid  is  guided  by  fixed  blades,  attached  to  a  casing,  and, 

ging  on  other  blades  mounted  on  a  drum  or  shaft,  causing 

itter  to  revolve. 

rhinos  are  classed  in  various  ways  as  :   1,  radial  jlott;  when 

team  enters  near  the  center  and  osca|>cs  toward  the  cir- 

jrence;  and  2,  parallel  flow,  when  the  steam  travels  axially 

rallel  to  the  length  of  the  turning  body. 

rbines  arc  commonly,  yet  erroneously  dasseA.  as". 

•npulse; 

taction. 
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Ques.  What  Is  the  distinction  between  these 
types? 

Am.  In  the  so  called  impulse  type,  steam  enters  and 
ike  passages  between  the  vanes  at  the  same  pressure.  In  t 
called  reaction  type,  the  pressure  is  less  on  the  exit  side 
vanes  than  on  the  entrance  side. 

Fig.  2,750  is  a  sectional  view  of  the  Parson s-Wcstirigb ouse 
flow  turbine.  Steam  from  the  boiler  enters  first  a  receiver  in  wr 
the  governor  controlled  admission  valves.  These  valves  are  a 
by  a  centrifugal  governor. 


Panona-WotinahouM  iurbino,  ■bowing  n 


Steam  dnes  not  enter  the  turbine  in  a  continuous  blast,  but  intent 
or  in  puffs.  The  speed  regulation  is  therefore  accomplished  ! 
portioning  the  duration  of  these  puffs  to  the  load  of  the  engi- 
bring  effected  by  the  governor,  fig.  2,752. 

The  Kuvernur  of  the  turbine  has  only  to  move  a  small  pilot 
or  slide,  E,  which  admits  steam  under  the  piston  P,  and  lifts  the 
valve  proper  off  ils  seat. 

At;  siKiii  ;is  tin'  pilot  valve  closes,  the  spring  shifts  the  main 
valve.  Thus,  ut  light  loads,  the  main  throttle  or  admission  l 
continually  opening  and  shutting  at  uniform  intervals,  the  le; 
time  during  which  it  remains  open  depending  upon  the  load. 

As  the  load  increases,  ttw&vnaUnYi  of  the  valve  opening  also  in 
until  at  full  load  the -va\ve  4<oes  w>\.«aj&v\\s«!a!!.*x*i&.™l.th( 
flows  steadily  throng  A«  *»*>«*;  T*>»  T^*"***!**  S*«** 
into  the  annular  paW  K.  ftt,W»**l  "&*<**4**V«A 
Che  blades,  revoVvingtheroUit. 
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When  the  load  increases  above  the  normal  rated  amount  a  secondary 
pilot  valve  is  moved  by  the  same  means,  this  in  turn  admitting  steam 
to  a  piston,  similar  to  F,  which  lifts  another  throttle  valve.  This  admits 
steam  into  the  annular  space  I,  so  that  it  acts  upon  the  larger  diameter 
of  the  drum  or  rotor,  giving  largely  increased  power  for  the  time  being. 

The  levers  or  arms  of  the  governor  are  mounted  upon  knife  edges 
instead  of  pins,  making  it  extremely  sensitize.  The  tension  spring  may 
be  adjusted  by  hand  while  the  turbine  is  running. 

The  governor  does  not  actually  move  the  pilot  valve,  but  shifts  the 
point  L  in  fig.  2,752.  A  reciprocating  motion  is  given  to  the  rod  I  by  a 
small  eccentric  on  the  governor  shaft:  this  is  driven  by  worm  geanng 
shown  near  O  in  fig>  2,(50,  so  that  the  eccentric  makes  one  revolution 
to  about  eight  of  the  turbine.    Thus,  with  a  turbine  running  1,200 


Bintfle   lir..i.-    type._  ;'       "   ■     ' 


blading  is  n-plactd  bv  an  impulse  wheel  Strati  is  ;i. Ini i r t.-.1  t.>  ihc  nuzzle  Kink  A.  is 
expanded  in  the  noiifeaand  diiehartr-'i  aB-iimt  n  return  "f  'hi.-  priiuhrry  ■•!  the  imimla.' 
wheel.  The  int*T-nicdin.to  and  low  nnmira  .i.^'j  ;. r-* ■  i^li. — . t i i  ..I  y.ih  ?W  i-.  rn-s["iinlir.iK 
fUgc*  in  the  linr-le  flow  type.      The  sij!:ir.i!u'.i..n   .■('  ihu  ivn i-n'.v  linntiit  f..r  the  hitlh 

|.ri---:ur<;  se  titjii  til  mi  luTn  bh.lirif  >>■■«  :■■••  i'i11ui-;j  >■  (.'■.'  v.-:iv  nr  .-,iv. .: li,  s-  n:i  r.!i.-  i-:V.i-ii-ii.-v. 


..J*  the  efficiency  r.f  an  ir,i|-.n!.;i'  iv'iii-l  i*  about  'the  an 

n  of  reiirtifin  binding.     Thii  d.-iiii  ' 


'      expanding  through  the  iv  infn.    A*  the  nntile  rhamli 

in  cylinder,  til.-  i.i-mpi'T;.Uini-  :ir,  !  ;>;ivmn-  dirt 
coirtspundinHlj-  leHHicd.      Hi.  >  v.r.  1  nili  ti 


mlKTially.  and  (jivs-s  a.  <.tirT.-f"*.li-.-.  -n  ■>!  r-.I-ir.     Tin'  . 

:r.le  ,1i:.i.iUt  until  i -■ '■    ■■ 

lin|  through  the  ni 

i  cylinder,  the  temperature 

_._  -*^T-e*pondinKly  lessen**!.     ..-..-    - - 

h%h  DTTOSurc  lection,  the  4ttwilh1    P.itmiii!.  T  .^i-  li.i:i  ;i  1  v.-r^-\-;i  sliu.vn    iin,-]l"  1.,  V'  .iiU\iii.i 
(oral!  of  the  Iteam  pressures  and  trnnpvralura  i-lbviuntercdf  in  ordinary  practice. 

revolutions,  the  rod  I  would  Ik.-  moved  up  and  down  l.W  times  per  minute. 

As  the  points  A  and  !l  are  lised,  tin:  motion  is  conveyed  to  the  small 

pilot  valve  li,  thus  giving  1">0  puffs  a  minute.     The  governor  in  shifting 

the  point  I*  brings  the  edge  of  the  pilnt  valve  nearer  the  nart  and  so 

cuts  off  the  steam  earlier. 

The  annular  diameter  or  spa<v  between  the  rotwt  M\i  ftte  *J*V«\ 

P^duflly  increased  from  inlet  1 .  >  cxrmust .  the  UnAw  Vwm?.  w»\<s  \«** 

m  etch  nng.     When  (he  mechanical  limit  is  icwftwA,  *»  »»** 
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the  rotor  is  increased  as  at  I  and  D  so  as  to  keep  the  length  of  b1td> 
within  bound. 

Balance  pistons  as  at  B,  C,  F  are  attached  to  the  rotor,  their  offic 
being  to  oppose  end  thrust  ujwn  those  blades  in  corresponding  diameti 
of  the  rotor.  Communication  is  established  through  the  passage 
and  pipe  M  between  the  induction  pipe  and  the  back  of  these  pistol 
thus  increasing  the  efficiency  of  their  balancing  and  also  taking  care 
any  leakage  past  them. 

A  small  thrust  bearing  T  prevents  end  play  of  the  rotor,  and  is  i 
justahle  to  maintain  the  proper  clearance  between  the  rings  of  Had 
this  varies  from  jiiineli  at  the  admission  tn  1  inch  at  the  exhaust.  1 
bearing  also  takes  up  any  extra  unbalanced  thrust.  A  turbine  sbo 
operate  with  a  high  vacuum,  because  without  this  it  does  not  camp 
favorably  with  an  ordinary  reciprocating  cnginefromthepoint  of  econa 


nfchouie  turbine. 


Separate  air  pumps  are  provided  to  create  the  vacuum. 

Where  Ihe  nr.li'i.-irv  type  i>f  vertical  air  pump  is  employed,  a  boot 
or  iiiriiiim  ni.mivr  is  added,  as  mulling  below  2li  inches  is  advisal 
2S  and  2!l  inches  being  always  si  riven  for.  It  is  also  prefers 
to  use  a  certain  amount  nf  superheat  with  steam  turbines. 

Tn  assist  in  producing  tiie  h:jji  vaaumi,  exhaust  passages  are  mi 
large,  llw  eduction  passage  E  in  fig.  J, 7.31)  being  nearly  twenty-th 
tLtnestheiirea.il  Die  si  earn  pipit. 

Arm  trig  i.iiurr  details,  a  n<  Aewonhy  feature  is  a  small  oil  pump 
which  circulates  i>\\  iAweuyi\  W.vrmvJ,  i-S  \lvt  machinery,  the  oil  be 

tir/nui   (r.i'ii   t'.'.c   IticAt  utv.Vi  \\w.  V£««™«  *«*■■*.  ™&  -KCW^MSoam.  tb. 

ate  th  c  E  rooves  in  an  indicate  v^«^- 
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Qua.    Why  is  a  high  vacuum  desirable? 

Ans.    Because  the  turbine  is  capable  of  expanding  the  steam 
)  a  very  low  terminal   pressure,   and  this  is  necessary  for 


Ones.  What  may  be  said  of  the  working  pressures 
r  turbines? 

Ans.  To  meet  the  varied  conditions  of  service,  turbines  are 
igned  to  operate  with:  1,  high  pressure,  2,  low  pressure,  or  3, 
:ed  pressure. 


line.    The  maximum  economical  capacity  of  a 

._ speed.    Thr  euro  anion)  velocity  at  which  the 

nam  may  pats  through  the  blades  of  the  turbine  depends  on  the  velocity  of  the  raovinp 
blades.  The  capacity  of  the  turbine  depends  on  the  nejldlt  of  the  steam  passed  pet  unit 
of  time,  which  in  turn  depends  on  the  mean  velocity  himI  the  hc!Kiit  of  t.h„  1,1.,,],^.  Fit 
a  given  rotative  Ipred.  the  mean  diameter  of  Made  rUlli  praetk-jhle  is  limited  by  tilt." 
■Uowable  Stresses  clue  to  Centrifugal  foree,  ;..i.l  tll.ni  [■  a  |ira<ti.;il  limit  f.  .f  thr  height  lil'  [he 

blades.  Now  if  the  rotative  speed  lie  taken  only  rtdf  an  hums,  the  muniium  diameter  of 
Ihe  rotor  may  be  doubled  and.  without  incnsisLrur  Ihu  hnsiht  ol  the  blades,  thi-  c:,r,.,.ii  i- 
cf  tlw  turbine  win  he  doubled.    Sowf* L  "-  ■'     '    " 


1  lurl.mc  as  well  as   with   the 


tiiiSlk  crank  rH-iuroraung  ensine.  there  i!i  a  praotical  limiting  Kun.jmk.Ll  cujiacilv  fur  any 
Bven  speed.  If  this  limit  1*  reached  with  a  sinule  crank  reciprocating  murine,  n  unit  .>( 
doable  the  power  may  be  produced  at  the  same  speed  bv  tunpliiiu  two  simile  crank  emiim-j 
loena  shaft.  Similar  results  arc  secured  makinn  a  double  Bon  turbine  which  is  111  crTeil, 
sswiubeiecn  from  the  (inure,  two  simile  flow  turbines  made  up  in  asinxlc  rotor  in  *  single 


Ihe  impulse  whe 


.rrenUiivMi-i,  one- hall  ■ ,!  the  51 

mpulsc  blading  at  the  right. 


High  pressure  turbines  operate  at  about  the  same  initial  pressure  as 
triple  expansiun  engines. 

Low  pressure,  as  hero  applied,  means  the  exhaust  pressure  of  the 
reciprocalj^f  engine  from  which  the  exhaust  steam  passes  ^.Wra&v  "5ws 
turbine  before  catering  the  condenser. 

bJ^J"f"r.l  W?-  that  the  exhaust  steam  fc  tM5»$««»***> 
t>mvy loads,  by  the  admission  of  live  steam. 
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Ques.     What  determines  the  working  press 

Ans.     When  all  the  power  is  furnished  by  the  1 
designed  for  high  pressure;  when  operated  in  eomt 


Singh  Ffou 
Ruction  Element 

Reaction  Ctei 


Fie.  2,751.— Secti< 

.!.,ul,!i-H.,i 


.•in  [«/■>■:  in  iicr  would  ba  pnuiibi 

po^iMitii-s  (A  :i  i|.m>.:^Hriiv  turbine  nf  the  hi 


ir  the  cxistenre  of  U 


IKK.-r.  1-Ul  I. 

in  tti-f,'  rrn-J 


li:,-<:.U-r 


v  W  i 


l'»r  llic  pur]MAp  <>[  in 
ip  in  plants  whi.h  nt 


,jt  '.i,i-  '.v-l,i,i  aim  V.  V.  ■-.  ".■■'.■■-  *'M^v.-.  "dv-  lii^h  |iier. 
^  I -..  -.-, .  L- .  i        ..■■.;..•■ 1     ^..i\  \'iv    7. ■^.■.. A, '■■•,. T  .. ..\..-.t-.''a-\  \Y.7-  ..•.i>  \'v,  V 

-I ■      ■■••     '■■■■■  ':■'      ■■■■  '■:■'■'.■■:■'■■■  " 

■c  nf  mi--. mi'  !.V..n:^->'««   '"'    -w    •■-'^>^'J™« ,J 
:i.f''_."Tl   r;','|vu,,,,  ,.lv  i.1,l,,llvOT««V.™  ^W..^** 


'"  the  Lltisli'i-  feature 
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^ciprocating  engine,  low  pressure  is  used  for  constant  load, 

id  mixed  pressure  for  variable  load. 

Tkt  De  Laval  steam  turbine  is  termed  by  its  builders  a  high  speed 
rotary  steam  engine.  It  has  but  a  single  wheel,  filled  with  vanes  or 
buckets  of  such  curvature  as  has  been  found  to  be  best  adapted  for 
Rearing  the  impulse  of  the  steam  jet.  There  are  no  stationary  or  guide 
blades,  the  angular  position  of  the  nOZlles  giving  direction  to  the  jet. 
The  nozzles  arc  placed  at  an  angle  Of  21)  degrees  to  the  plane  of  motion 
of  the  buckets.  The  best  energy  in  the  steam  is  practically  devoted  to 
the  production  of  velocity  in  the  expanding  or  divergent  nozzle,  and 
the  velocity  thus  attained  by  the  issuing  jet  of  steam  is  about  4,000 


— Wwtinnhouse  valve  B«"r  ""i"1  rt™«  relay,.  In  i 

jury.  Ihf  sitoii.-iarv  valvr.  i.l'1'r  ill.  j .irv  I.  t'l"-.  In  ti 

low  Pinums  ivjiu,  lh.-  inKm'ir  ,u.-i  u.i ;.■-,  f.vr.  -ill. ill  I'iilws  L'ontTiillil 
IKim  I,-).,:-  rvliiiilri!  "hull  ,-i>c[a!i:  !':t  r.'lriiivii.jn  v;i!vus.  Thu  litll 
It*  rriay  rylin.li-r  i'i;  \h,s  v.-'nn^rv  v..;v.-  li:n  mi.rt;  Up  th.ui  111.  othe 

g.    The  figure  shows  the  general  ik-^Ti  -j(  this  type  '^  v.ilvp  p 


:  t  turhincs.  the  govemor 

^imu^"!'l|)vt^ 


feet  per  second.  To  attain  the  maximum  efficiency,  the  '.nickels  at- 
tached to  the  periphery  of  the  wheel  against  which'  this  jet  impinges 
should  have  a  speed  of  about  1,900  feet  per  wcimd,  but.  owing  to  the 
difficulty  of  producing  a  material  for  the  wheel  strung  enough  to  with- 
stand the  st ruins  induced  l>y  si;,-h  ;i  isi;;li  sp.vd.  it  I). is  been  found  neces- 
sary to  limit  the  peripheral  speed  to  1,200  or  1,300  f eet  yet  second. 

It  is  well  known  that   in  a  correctly  des.iy,nei\  nui.'Aii  ^Vt  wiNwtoolCvi 

expansion  of  the  steam  from  m;rainuiin  to  iinvunwtm  \«c?sra'i  """^  tl:v^" 

*%Li!* '.V-1'™  s£f tic  enerK>'  f'f  tiio  steam  TOto  VkmVw  ewaffl  ■    "^J* 

rtxMlly  this  a  what  occurs  ir,   the  De  Laval  notAe.    Ttae.  «**»** 
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steam  acquires  great  velocity,  and  the  energy  of  the  jet  of  steam  is 
from  the  nozzle  is  equal  to  the  amount  of  energy  that  would  be  deve 
if  an  equal  volume  of  steam  wen:  allowed  to  adiabatically  exuan 
hind  the  piston  of  a  reciprocating  engine,  a  condition,  however,  whi 
obvious  reasons  has  never  yet  been  attained  in  practice  with  the  recip 
ine  engine.    But  with  the  divergent  nozzle  the  conditions  are  differ 

The  Curti:  turbine  is  built  by  the  General  Electric  Company  at 
works  in  Schenectady,  N.  Y.,  and  Lynn  Mass.  They  are  of  tbt 
zontal  and  vertical  types.  In  the  vertical  type  the  revolving  parts, 
upon  a  vertical  shaft,  the  diameter  of  the  shaft  corresponding  to  tl 
of  the  machine. 

Tlie  shaft  is  supported  by  and  runs  iijxm  a  step  bearing  at  the  bi 
This  step  bearing  consists  of  two  cylindrical  cast  iron  plates  b 
upon  each  other  and  having  a  central  recess  between  them  into 
lubricating  oil  is  forced  under  pressure  by  a  steam  or  electrically 
pump,  the  oil  passing  up  from  beneath. 


;,.]',,  „•»,„,  ■;::,!;.■.,;  •.....:   .■.'i.m.i-.V  '  t-.,va  Ih.-  ■:lw:.t!::-K  i'vlindc.       Whm    uili.  UJ 

In  itu' <.|«:i.,i  nit'  ivhTi.i.T  viisniK  tlK'  inst.,n.  tin-  Irvn  t"  lifti  the  primary  valve  B 
lei-m  Dtiii'vusMin,ilMii.--.ivilv  wirli  (".  but  mi  wvount  -iF  iheilull.fl  co-.in^ii™  ■: 

Sb.111-.ftl».-M.  ..Tl'l.irv  v,v,:  r,  Ih-  ,.:1tl.:rr!.„..;r.-;t  |..-,;in  I'J  lift  U„I,1  the  primary  I 
niisnl  If.  Ihi-  ]  ■•:.■::  ..'.  ivln-  !i  il~  -ll.-l  i  w  ..jimiriK  ,■.■;,-.■.  In  In:  mi/reisnl  by  farther  I 
travel.    In  ifir  U'HtunilinuM'   dcsbnii.  the   ajwrutinii  mire,  A  is  cmnnocMJ  not  i 

the  ipjv.-oirir.  1ml.  J-.  1"  a  v\WiVm.  *\wli  »™  it  n  sliiiht  hut  enntinuoum  roripK 
in..rri i.i.  iv!ii'i!  iW  iMvrv.ni  v ■.-.■:■. -,C:': \\:  n-.v.m  ',».■■..'■■■,.-■....  \'-.k.  'Am .-(".hi*  ii  muifa 
n  (Infill  railsilti'H  '  '.r^ui.' '-.'■■.■.'■.  VV.t  ratal'  ".':"'■ -^  ..v,'  .:.n.  -i  ^.«  '\ .  ■;.  vi,  -^aS..  VvqvS.- 
nn,l  r,-  ,<  -  t,.  II'M.  ithI  .-•.'■>.,■ ■..-,■  V,  tV.,'  ™,»v^.  A.,-..v...:  »  *t  ™U»  <;\  ■&„.  - 
£nrj  rrcuii  lo  ri-.iniiii  iii="  .,-■■._,,,.  ,„..„., ,\.,'.  i.-,nuu*.  v.ton *«««».■ 
Th,-..:\  ,.■;,■  »^„ 

in  e(TeL-t.  .i  saft-tv  tlcviti-  in  iv„ii.  rui-,  i»'  ivtoljm. 

mad  immediately  shut  ofi  Uw  i^™  ana  ™w 
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A  freighted  accumulator  is 

sometimes  installed  in  connec- 
tion with  the  oil  pipe  as  a 
convenient  device  for  govern- 
ing the  step  bearing  pumps, 
and  also  as  a  safety  device  in 
case  the  pumps  should  fail, 
but  it  is  seldom  required  for 
the  latter  purpose,  as  ihu  step 
bearing  pum]«  have  proven 
after  a  long  sc-rvieo  in  a  num- 
lier  of  cases,  to  be  reliable. 
Tim  vertical  shaft  is  also  held 
in  place  and  kept  steady;  by 
three  sleeve  bearings  one  just 
aljove  the  step,  one  between 
the  turbine  and  generator, 
and  the  oilier  near  the  tup. 

These  guide  bearings  are 
lubricated  by  a  suindard 
gravity  feed  system.  It  is 
apparent  that  the  amount  of 
friction  in  the  machine  is 
very  small,  and  as  there  ia 
no  end  thrust  caused  by  the 
■'     ;  of  the  steam,  the  rela- 


bel 


i  the  i 


and  stationary  blades  may  lie 
maintained  accurately.  As  a 
con  sec]  tie  nee,  therefore,  the 
clearances  are  reduced  to  the 
minimum. 

The  Curtis  turbine  is  di- 
vided into  two  or  more  stages, 
and  eueli  stage  has  one,  two 
or  more  sets  of  revolving 
blades  IWtcd  upon  the  peri- 
pheries of  wheelskeyed  to  the 
shaft,  Therearealso  the  cor- 
responding sets  of  stationary 
blades  bulled  to  the  inner 
wallsof  the  cylindcror  easing. 
'Hie  governing  of  six-cd  is 
accomplished  in  the  first  set 
ot  noj.ilcs  avid  t.V«  ctwMcA  <j£ 
the  aAvciissWtv  v.toe£,1w^'.'.'«' 
effected  \>Y  vmswis  A  a.«sv- 
trihiRm.  p.<v,-vvw*  aVcAcWW 
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Speed  regulation  is  effected  by  varying  the  number  of  nozzles  in  flow, 
that  is,  for  light  loads  fewer  nozzles  are  open  and  a  smaller  volume  of 
steam  is  admitted  to  the  turbine  wheel,  but  the  steam  that  is  admitted 
impinges  against  the  moving  blades  with  the  same  velocity  always,  no 
matter  whether  the  volume  be  large  or  small.  With  a  full  load  and  all 
the  nozzle  sections  in  flow,  the  steam  passes  to  the  wheel  in  a  broad  belt 
and  steady  flow. 

WEIR  TABLE 

feet  of  water  per  minute  that  will  flow  over  a  weir  one  inch  wide 
and  from  Ji  to  20  J^  inches  deep. 


H 

.05 

8« 

li 

% 

U     1 

7  ' 

.00 

.01  , 

.09 

.14 

.19 

.26  ! 

.32 

^^^^B* 

.40 

.47 

.55 

.64 

.73 

.82 

.92 

1.02 

1.13 

1.23 

1.35 

1.36 

1.58 

1.70 

1.82  | 

1 .  95 

2.07 

2.21 

2.34 

2.48 

2.61 

2.76 

2.90  , 

3 .  05 

3.20 

3.35 

3.50 

3.66 

3.81 

3.97 

4.14 

4 .  30 

4.47 

4.64 

4.81 

4.98 

5.15 

o .  33 

5.51 

5.69 

5.87 

6.06 

6.25 

6.44 

6 .  62 

6 .  82 

7.01  I 

7  21 

7.40 

7.60 

7.80 

8.01 

8.21 

8.42 

8 .  63 

8 .  83 

9.05 

9.26 

9.47 

9.69 

i     9.91 

10.13 

10 .  35 

10.57 

10.80 

11.02 

11.25 

11.48 

11.71 

11.94 

12.17 

12.41 

12.64 

12.88 

13.12 

1  13.36 

13.60 

13.85 

I   14.09  ! 

11.34 

^^K. 

14.59 

14.84 

15.09 

15.34 

15.59 

15.85 

16.11 

16. 31  j 

16.62 

16.88 

17 .  15 

1  17.41 

17.67 

17.94 

IS  21 

18.47 

18.74 

19.01 

j  19.29 

19.56 

19  84 

20  11 

20  39 

20.67 

20.95 

21.23 

1  21.51 

21.  SO 

22 .  OS 

22  37 

22.65 

22  94 

23.23 

23 .  52 

23.82 

,  24.11 

24.40 

24  70 

25.00 

25.30 

25.60 

25.90 

26.20 

1  26.50 

26  SO 

27  11 

27.12 

27  72 

17 

28.03 

28 .  34 

28.65 

2S.97 

29  2S 

29  59 

29  91 

30  22 

11 

30.54 

30  86 

31.18 

31.50 

31   82 

32  15 

32  47 

32  SO 

11 

33.12 

33 .  45 

1  33.78 

34   1 1 

34  44 

34 .  77 

•  35.10 

35  44 

30 

35.77 

!  36.11 

36 .  45 

30  7s 

37.12 

37.46 

37.80 

3K.15 

NOTE. — The  weir  table  on  this  pa^e  contain*  fisruros  1.  2.  3.  <\r.,  in  the  first  vertical 

Bawl 

kptlu 

ilbnt 

rf 

the  fractional  part.*  or  a  cunic  zooi.  wnu  n  iv:.i  na.ss  c.un  imnu*v.  \ht  tjvwri  vc\«\\  \\\  <VsvNfc.» 

'oremch  fraction  a  J  part  of  an  inch  by  viy.h  *  h  s  f  or  n '  1 1 1  ■  \  >t  hs  i  re  im  \  \s  >  *27>  "\tv.:\\»-s.    \v.ic\\  <  A  Vcveue 

wig  for  only  one  inch  width  of  vi-cir.     7"o  estimate  for  any  wu\th  «.»t  wuvr  \.\\«  i«is\i\\«frj\w»&. 

finch  width  must  be  multiplied  by  the  number  of  inches  ccmsUtuVmfc  V\\*  WWuc\v<wvinKfc*\ 
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Electric  Plants. — The  economy  with  which  elec- 
.  be  transmitted  long  distances  by  high  tension  altcrna- 
its,  has  led  to  the  development  of  a  large  number  of 
rers  in  more  or  less  remote  regions. 


eqjiiwA  »\*  ^"JM* 
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This  economy  is  possible  by  the  facility  with  which  alterna' 
can  lie  transformed  up  and  down.  Thus  at  the  hydro-electr 
current  generated  by  the  water  wheel  driven  alternator  is  t 
to  very  nigh  pressure  and  transmitted  with  economy  a  long 
the  distributing  point  where  it  is  transformed  down  to  the  ] 
sure  for  distribution, 

A  water  wheel  or  turbine  is  a  machine  in  which  a  rolar 
obtained  by  transference  of  the  momentum  of  water;  broadl 
tlie  fluid  is  gui< 
blades,    attach) 


Ques.  wh 
reaction  turb 

Ans.  One  ; 
l ho  pressure  oj 
tlie  water  is  i 
rallicr  than  its 
Tin:  current  is 
upon  the  whee 
action   of   suite 
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passages  being  full  of  water.    Rotary  motion  is  obb 

change  in  the  direction  and  momentum  of  the  fluid 

Ques.    Name  three  classes  of  reaction  turbii 

Ans.     Parallel  flow,  inward  flow,  and  outward  flc 

Parallel  flow  turbines  have  an  efficiency  of  about  70% 
for  low  falls  not  over  30  feet.  Inward  and  outward  flow  ti 
efficiency  of  about  S5%.    Impulse  turbines  are  suitable  1 


PlCS.  2,7M>  aid  ?.,T7«.—  Exrerinr  ar  .     .. 

located  un  the  south  fork  of  the  Shenandoah.  River,  twelve  arid  one-1 
A  dam  TM  feet  lorifl  at-.rl  I.',  f„:t  his.h  was  limit  on  a  limestone  ledge  . 
river;  which  with  a  full  ill  5  feet  from  the  dam  to  the  power  house,  a 
distant,  secured  an  c'leclive  li-.„i  imswrc  <:f  20  feet.      The.  power  hnu: 

room,  which  is  110  X  10  In  I,  eitnid'--.  armss  the  head  "ran-,  arid  rests  ui 
"■■■■'         •  -  -•  ends  of  ■■■-'■■■       -  ■       - 

.-scapes  alter  leiivii  _ 

— eetlonu.    The  power  is  obtained  liy  thr 

."t  Samson  turlii;:.  s.  v.-it:,  ;..  ;;n  [r.i  h  ;'-.i'iL»Mii  f--n-  an  exciter.    The  tta 

have  a  rating  of  I  ..!.">«.  h'ir;,e  ;»-t.  :i\  .i::d  .ire  r.i=i  raided  to  the  main  hone 
bevel  mortise  gears  7  feet  diameter  and  l'>  inches  face.  The  couplings 
have  IK  inch  fncti-u  .-'.jt-.:h  1 1  lj  : . ; .  ;i,-rn]it.:iiv;  ■i'hi.r  nr  each  lull  rim-  I. 
uh ut.  down  iiiilependently  of  the  others.  The  main  shaft  is  So  feet  long  ■ 
eter:  mukiuj:  2->t  iiv.jlu'.:,  .in.  This  iJiaft.  carries  two  pulleys  70  incS« 
inrhes.  face  lor  driving  the  generators.  The  accompanying!;  Ilus.trfttiun  i 
work,  gears,  pulley:;,  eU\.  furr-ir.li-.-1  nisli  the  t.ur:>i:;cs.  The  2<l  inch 
Sams'ii  iurriiTie"!  1;'.  h- .:'_,:  ...  .ait  is  direct  connected  to  ail  exciter  get 
running  7IHI  rev.  tier  min.  The  two  laree  Hcnerators  are  driven  4511  revol 
by  belts,  producing  a.  three  phase  current  of  till  cycles  of  ll.aOQ  volu  fr 
om-half  miles  transmission.  The  line  e.  insists  of  three  strands  of  No.  A 
This  current  is  used  for  Lighting  and  panwr  purposes,  and  the  plant  it 
proved  design  and  construction. 

Isolated  Plants. — When  electric  power  transit 
central  stations  first  came  into  commercial  use,  t 
from  the  station  at  which  current  could  be  obtained 
able  cost  was  exceeding  limited. 
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Consequently,  persons  desiring  electrical  power  were  in  the  majori 
of  cases  forced  to  install  their  own  apparatus  for  producing  it,  this  Mi 
the  origin  of  isolated  plants. 

From  the  nature  of  the  case  it  is  evident  that  an  isolated  plant  is  ft 
rule  smaller  and  mori'  simple  in  construction  than  a  central  station,  aa! 
consequence  much  more  readily  operated  and  managed.  It  is  Reneri 
owned  by  a  private  individual  or  a  corporation  and  operated  in  conju 
tion  with  other  affairs  of  a  similar  character.  A  basement  or  ot 
portion  of  a.  building  is  usually  set  aside  in  which  the  necessary  appara 


Fie.  2J74.—C,cne ml  Electric  25  Vw..  gasoline  electric  generating 


The  engine  has  four  cylinders  7  H  X  T'j.  and  runs  at  sipeed  of  MO  revolution,  per  M 
The  intnl  .■.■nulla  power  npMtiy  in  Umda  lamp*  is  20,000.  The  ignition  ubykwM 
puwnMn.  mil  and  balti-ry.  Carl.urontr  is  of  the  (imstnnt  level  type  to  which  «l 
i5<i,.|1vPrortl,yapumpdrl«enby  the  engine.    Forced  lubrication:  five  eranl  .haft  S3 


60  high;  weight  5.000. 


The  average  type  oi  i«Aai«<\  \AswA,  Vox  enlarged  from  a  small  dyoa 
driven  hv  a  little  slide  vaVce  ewv>™\™3>.'«A"'«iMw<*&.*S.«aNe,'w«i  con 
to  direct  connected  eertcraXuK  imi  e^m^<&V™&wfta,Ms&.««*'% 
sands  of  horse  power  asscmtteA^a.^™  ™  — ■«-  **-*-* 
purpose. 


a  ■s^«i»&)  ttfa^Jitt' 
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In  the  more  modern  of  these,  the  electrical  outputs  are  each  frequently 
equal  to  that  of  a  town  central  station  of  respectable  size,  and  the 
auxiliary  equipments  are  similar  in  every  particular.  As  a  matter  of 
fact,  in  certain  modem  isolated  plants  the  only  feature  that  distinguishes 
them  from  central  stations  is  that  in  the  former  case  the  owner  of  the 
plant  represents  the  sole  consumer  and  conducts  other  business  in  con- 
nection with  it,  whereas  in  the  latter  case  there  are  a  large  number  of 
consumers  uninterested  financially  in  the  enterprise,  which  is  itself 
enerally  owned  and  operated  by  a  company  conducting  no  other 


Sub -Stations  .—According  to  the  usual  meaning  of  the 
in,  a  sub-station  is  a  building  provided  with  apparatus  for 
anging  high  pressure  alternating  current  received  from  the 
Aral  station  into  direct  current  of.  the  Tcqp&Su&  YK!Si9ax&'> 
ih  in  the  case  of  railways  is  550  to  tiOG  vo\ts. 
here  traffic  is  heavy  and  the  railway  system.  <A  con»a«*S 
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distance,  sub-stations  are  provided  at  intervals  along  the  tn^ 
each  receiving  high  pressure  current  from  one  large  c 
station  and  converting  it  into  moderate  pressure  direct  cunei 
for  their  districts. 

Ques.    Upon  what  does  the  arrangement  of  the 
station  depend? 

Ans.     Upon  the  character  of  the  work  and  the  type  erf  1 


paratus  employed  for  converting  the  high  pressure  alternatf1 
current  into  direct  current. 

In  general  it  should  be  substantial,  convenient  to  install  or  ref** 
the  Jieayy  machines,  and  ItatojooX  a.nan«,cd  ea  that  the  appar»W  ° 
be  readily  operated  by  *hoae  in  aUacAancft. 
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An  overhead  traveling  crane  is  the  most  convenient  method  of  han- 
dling the  heavy  machinery,  and  is  frequently  used  in  large  sub-stations. 

Fig.  2,778  shows  a  sectional  view,  and  fig.  2,777,  a  plan  for  a  small 
sub-station  containing  two  rotary  converters  and  two  banks  of  three 
single  phase  static  transformer  operating  on  a  three  phase  system 
at  11,000  or  13,200  volts,  together  with  the  auxiliary  apparatus. 

Ques.     For    three   phase    installations,  what   are    the 
exits  of  separate  and  combined  transformers? 

Ans.     With  separate  transformer  for  each  phase,  repairs  arc 


•re  readily  made  in  case  of  accident  or  burnouts  in  the  coils. 
e  three  phase  units  have  the  advantage  of  low  first  cost. 

Sub-station    transformers   produce    considerable    heat,    due    to    the 
hysteresis  and  eddy  currents,  anil  it  is  necessary  \.o  £(AruS.cA.\\. 

Small  transformers  radiate  the  heat  from  the  s\vA\  mv&  \>m  ■TOs&xa-™ 
mixes  have  corrugated  shells  which  increase  the.  surtacft  BO&.  Vxaljv; 
more  rapid  radiation. 
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Ques.    State  the  effect  of  strengthening  converter fiel 

Ans.     A  leading  current  is  sot  up  which  gives  a  rise  o£  volta 
in  the  reactance  coil. 

Hence  when  a  heavy  current  |iasscs  through  the  scries  coil  of  arc 
pound  wound  converter  and  tends  to  produce  a  leading  current,  therm 
ance  coil  will  balance  it,  and  improve  the  power  factor  of  the  whole  li 


Portable  Sub-Stations. — A  portable  sub-station  constitut 
a  spare  equipment  for  practically  any  number  of  pcrmano 
sub-stations  and  renders  unnecessasv  U«i  installation  of  spai 
equipment  in  each. 


POWER  STATIONS 


It  can  be  used  to  increase  the  capacity  of  a  permanent  sub-station 
■ben  the  load  is  unusually  heavy,  or  to  provide  service  while  a  per- 
manent sub-station  is  being  overhauled  or  rebuilt. 

The  transformer  can  be  used  for  emergency  lighting,  the  primary  being 
connected  to  a  high  pressure  line  and  the  secondary  to  the  load,  if 
spfdal  provision  be  made  at  the  time  the  transformer  is  built  to  adapt 
it  for  these  applications. 


^  ^.Tai . Switchboard  aid  of  WcatinghouM  portable  nub-sUtion. 


tyhen  an  electric  railway  has  a  portable  sub-station,  direct 
''Brent  can  be  provided  at  any  point  on  the  system  where  there 
*  track  at  the  high  pressure  line.  The  direct  current  can  be 
*tefe  available  very  quickly  as  its  production.  TSWdw«,  <k&^  "Sk 
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transferring  of  the  sub-station,  and  its  connection  to  1 
pressure  line. 

Portable  sub-stations  range  in  capacity  from  200  to  500  km 
all  alternating  current  voltages  up  to  66,000,  and  frequenc 
and  60  cycles. 

Although  portable  sub-stations  usually  must  be  of  more  or  1 
design  to  adapt  them  to  the  conditions  under  which  they  mus 
there  are  certain  general  features  that  are  common  to  all.  All 
are  readily  accessible  and  there  are  no  unnecessary  parts.  T 
and  dimensions  are  a  minimum  insuring  ease  of  transportati 
parts  are  so  protected  that  the  danger  of  accidental  contact  ' 
is  minimized. 


5W 
Boil 

MoHnf 
Oo~"8o/t 


Figs.  2,782  and  2.783. — Views  of  levelling  device  for  Westinghouse  converter. 

Ques.  What  are  the  advantages  of  using  < 
transformers  on  portable  sub-stations? 

Ans.  All  high  pressure  wiring  is  kept  out  of  the  C£ 
transformer  is  more  effectively  cooled  and  the  heat  di 
by  the  transformer  does  not  warm  the  interior  of  the  ca 
transformer  is  much  more  accessible.  The  car  can  be  ru 
a  crane  and  the  transformer  coils  pulled  out  with  a  hoist. 


Taps  for  different  \\ift\v  aw\  \ww  v^-sMse  voltages  can  be  re 
vj'ded  at  the  time  the  trat^oimw  V&\*ta&V»&X. 


MANAGEMENT  1,98* 


CHAPTER  LXVII 

MANAGEMENT 


ITie  term  "management,"  broadly  speaking,  includes  not  only 
i  actual  skilled  attention  necessary  for  the  proper  operation 
the  machines,  after  the  plant  is  built,  but  also  other  duties 
ich  must  be  performed  from  its  inception  to  completion,  and 
ich  may  be  classified  as 

L.  Selection; 

!.  Location; 

I.  Erection; 

L  Testing; 

>.  Running; 

5.  Care; 

T.  Repair. 

That  is  to  say,  someone  must  select  the  machinery,  determine 
lere  each  machine  is  to  be  located,  install  them,  and  then 
lend  to  the  running  of  the  machines  and  make  any  necessary 
pairs  due  to  the  ordinary  mishaps  likely  to  occur  in  operation. 

These  various  duties  are  usually  entrusted  to  more  than  one 
dividual;  thus,  the  selection  and  location  of  the  machinery  is 
bne  by  the  designer  of  the  plant,  and  requires  for  its  proper 
portion  the  services  of  an  electrical  engineer,  or  ora  ^p^^sssssk 
Ite  than  simply  a  practical  knowledge  oi  powet  ^axft&» 


1,990 


HAWKINS  ELECTRICITY 


The  erection  of  the  machines  is  best  accomplished  by  thot 
making  a  specialty  of  this  line  of  work,  who  bv  the  nature  of  thi 
undertaking  acquire  proficiency  in  methods  of  precision  and  an 
appreciation  of  the  value  of  accuracy  which  is  so  essential  in  tb€ 
work  of  aligning  the  machines,  and  which  if  poorly  done  will 
prove  a  constant  source  of  annoyance  afterward. 

The  attention  required  for  the  operation  of  the  machii 
embracing  the  running  care  and  repair,  is  left  to  the  "man 
charge,"  who  in  most  cases  of  small  and  medium  size  plants! 
the  chief  steam  engineer.     He  must  therefore,  not  only 
stand  the  steam  apparatus,  but  possess  sufficient  kn< 
electrical    machinery   to    operate    and    maintain  it  in*.j 
working  order. 

The  present  chapter  deals  chiefly  with  alternating  j 
machinery,  the  management  of  direct  current  mach 
been  fully  explained  in  Guide  No.  3,  however,  some  of  thei 
here  presented  is  common  to  both  classes  of  apparatus. 


Selection.—  In  order  to  intelligently  select  a  machine  so 
it  will  properly  harmonize  with  the  conditions  under  which 
is  to  operate,  there  are  several  things  to  be  considered. 

1.  Type; 

2.  Capacity; 

3.  Efficiency; 

4.  Construction. 

The  general  type  of  machine  to  be  used  is,  of  course,  depends 
on  the  system  employed,  that  is,  whether  it  be  direct  or  al 
nating,  single  or  polyphase. 

Thus,  the  voltage  in  most  cases  is  fixed  except  on  transformer 
terns  where  a  choice  ol  voWagp  tcva^  V»  VaA  V*j  selecting  a  transfoi 
to  suit. 
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In  alternating  current  constant  pressure  transmission  circuits, 
l  average  voltage  of  2,200  volts  with  step  down  transformer 
ifcios  of  10  and  gs  is  in  general  use,  and  is  recommended. 

For  long  distance,  the  following  average  voltages  arc  recommended 
6.000;  11,000;  22,000;  33,000;  44,000;  66,000;  88,000; 
•ad  higher,  depending  on  the  length  of  the  line  and  degree  of  economy  desired. 

i  alternating  circuits  the  standard  frequencies  are  25,  and  60 
These  frequencies  are  already  in  extensive  use  and  it  is 
mded  to  adhere  to  them  as  closely  as  j 


1,784.™ Diagram  of 

"™  field* 


fill!  Wi'l 

rately  calculated  from  Che  no  load 
If  The  voltage  generated  is  greater  t] 
OT  a  step  down  pressure  transformer 
the  voltaac  between  the  terminal!  of 
field  current.  Eight  or  nine  points 
tending  from  sero  to  about  fifty  per  • 


for  toting  to  obtain  theaatu 

sbowi  the,  relation  between  the  volts  it 

for  ampere  turns  of  (he  field)  for  a  constant  armulure  current. 

.    be  Irro.  in  which  cue  the  curve  is  called   mi  t„ij   s„ti,fili<m 

the  o/m*ii  timii  t\«Tu.:ttriilic  cxnr,    A  saturation  curve tnay  be  taken 

-    "     irely  done,  encept  in  alternators  of 


1 1  .  i     III 

may  be  used,  as  a" 
one  of  the  phase!, 


,-i.-,r.ity  - 
E>„    alte. 


......    A  series  of  obsem...^ 

,:• !■■    f..f  .lili,  r,  „■    ■. 

e  usually  sulficirTit.  ih..-  srrie 
rated  voltage.  The  points  st 
voltage  than  at  other  portier 


■  -1 


ie  phase  throughout  a  complete  series  of  t 
.  be  observed  for  normal  full  load  excitation  by  con 
cessively,  keeping  the  field  currcnt'eonstsnt  at  ne 
e  how  closely  the  voltage  of  the  different  phases  ag 


tag  the  voltmeter  to  each  phase  i 
nltage.    This  is  done  in  order  to 

In  fixing  the  capacity  of  a  machine,  <artjul  ronsideralion  should  be  tivm 
to  the  conditions  of  operation  both  present  and  future  in  order  that  the 
resultant  efficiency  may  be  maximum. 

Most  machines  show  the  best  efficiency  at  or  near  Ml  loaA.  Y.  ■0o» 
load  he  always  constant,  as  fof  instance,  a  puntp  UrtcATA^  ^ -iW  Ao  ». 
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given  head,  it  would  be  a  sample  natter  to  specify  the  proper 
machine,  but  in  nearly  all  cases,  and  especially  in  electrical  plai 
load  varies  widely,  not  only  the  daily  and  hourly  fluctuations, 
varying  demands  depending  on  the  season  of  the  year  and  gn 
the  plant1!  business.  All  of  these  conditions  tend  to  compuc 
matter,  so  that  intelligent  selection  of  capacity  of  a  machine  : 
not  only  calculation  but  mature  judgment,  which  is  only  obtai 
long  e 


Fig.  2.78S.— Saturation    . 
W  R*P.  if . 


In  selecting  a  machine,  or  in  fact  any  item  connected 
the  plant  its  construction  should  be  carefully  considered. 

Standard  construction  should  be  insisted  upon  so  that  in  thl 

of  damage  a  new  part  can  be  obtained  with  the  least  possible  de 

The  parts  of  most  rruidnmw  axe  mltn\Mnvv*Mi,  that  is  to  sa; 

the  refined  methods  ol  nwchMusr'J  a  i-o^^ft  \^.  VssasKsi  o 

Stock)  mav  be  obtaw-d  aoM«>#*&_4to»*«     " 

and  made  with  such  precision  \> 


»tt«V.\itt\c« 


o  %uixe«k,'wvVo 
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importance  of  standard  construction  cannot  be  better 

ted  than  in  the  matter  of  steam  piping;,  that   is.  the 
fittings  selected  for  a  given  installation, 
the  exception  of  the  exhaust  line  from  engine  to  con- 
where  other  than  standard  construction  may  sometimes 

3  to  reduce  the  frictiona.1  resistance  to  the  steam,  the 
would  adhere  to  standard  construction  except  in  very 

anal  cases.  Those  who  have  had  practical  experience 
fitting  wfl]  appreciate  the  wisdom  of  this. 

installations  in  places  remote  from  large  supjiiy  houses.. 

re  usual  forms  of  standard  fittings  should  I*  employed, 

;  ordinary  T's,  45"  and  BO*  elbows,  etc. 

ucb  locations,  where  designers  specify  tin  i'.i:  usual 
of    standard     fittings     such    as    unior.     fi-.u:ig:      '.tSstr. 

•s.  etc.,  or  special  fitting:  madi  v.-  setter.,  i:  sim:i;y 
in    the    first    instanc*-    that    ;hey    usual:;    '.■aim  r.    :« 

■d   of   the   local    dealer    mai:ni;'    i:    ri'/tessa.-; ■   ~:    'ir-j'-- 

xqk    large    supply    nous*.     anrj    rf.-iuitiiir    i:.    v-T-atmu: 

rule,  those  who  spevi:;  .-]ie':iu  fr_ '.!:*;■  tin:-:  vuw..  :r,ij; 
i&king  requires  at.  unrva->::a-j  •  c-t:;-:i  >:'  :i::j-  a-.-.'.  :u: 
be  several   time:'    ::;;!■     ■■    :■<    ■.■■juvai":;'.   ::    svioeard 

rxammati'ji     O'    i.    :-■■.•  :■..'.■-  .■■/■:      v         n.ual:      .:;  -v 

jus    Speaa'    anri    ■rJ:    .:•:::"     :■.:■■.?■       irr:»'::     ar*    t-riiTi**-:- 
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In  the  matter  of  construction,  in  addition  to  the  items 
mentioned,  it  should  be  considered  with  respect  to 

1.  Quality; 

2.  Range; 

3.  Accessibility; 

4.  Proportion; 

5.  Lubrication; 

6.  Adjustment. 

It  is  poor  policy,  excepting  in  very  rare  instances,  to 
"cheap"  article,  as,  especially  in  these  days  of  commercial 
the  best  is  none  too  good. 
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Pigs.  2,786  and  2.787.— Wheel  and  roller  pipe  cutters  illustrating  range.     The  ilh 

show  the  comparative  movements  necessary  with  the  two  types  of  cutter  to  perf 
function.  The  wheel  cutter  requiring  only  a  small  arc  of  movement  will  cut  a  p 
inaccessible  place  as  shown,  which  with  a  roller  cutter  would  be  impossible.  Ace 
the  wheel  cutter  is  said  to  have  a  greater  range  than  the  roller  cutter. 


Perhaps  next  in  importance  to  quality,  at  least  in  most 
is  range.  This  may  be  defined  as  scope  of  operation,  ejffectv 
or  adaptability.  The  importance  of  range  is  perhaps  mos 
nounced  in  the  selection  of  tools,  especially  for  plants  r< 
from  repair  shops. 

For  instance,  in  se\ect\u&  a  \a\>^  c*\X^  ,  ^«*  *»  ^^  js»«A 
wheel  cutters,  and  totter  catto*.  K  ^^toWW^. 
a  roller  cutter  one  vfoee\  and  Vno  t<3^^«*^  <*>*** 
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The  design  should  he  such  that  there  is  ample  strength,  and  lb 
ings  for  moving  parts  should  be  of  liberal  proportions  to  ivridl 
with  11  "   ' 


The  matter  of  lubrication  is  important. 

Fast  running  machines,  such  as  generators  and  motors,  i 
provided  with  ring  oiUr .  ■fid  iil  lunvuiil  of  ample  capadtjr,* 
E  figs.  2,788  to  2,794. 


ie  wear  of  the  bearing. 


All  bearings  subject  to  appreciable  wear  should  be 
adjustable  so  that  lost  motion  may  be  taken  up  from  tt 
time  and  thus  keep  the  vtosaSKoa.  %ss&.  -wssr.  <a.  <sp-n&Ei  i 
proper  limits. 
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Selection  of  Generators. — This  is  governed  by  the  class  of 
vork  to  be  done  and  by  certain  local  conditions  which  are  liable 
to  vary  considerably  for  different  stations. 

These  variable  factors  determine  whether  the  generators  must 
be  of  the  direct  or  alternating  current  type,  whether  they  must 
le  wound  to  develop  a  high  or  a  low  voltage,  and  whether  their 
flitputs  in  amperes  must  be  large  or  small.  Sufficient  information 
las  already  been  "given  to  cover  these  various  cases;  there  are, 
lewever,  certain  general  rules  that  may  advantageously  be 
rtserved  in  the  selection  of  generators  designed  to  fill  any  of  the 
iforementioned  conditions,  and  it  is  well  to  possess  certain 
facts  regarding  their  construction. 


Que*.    Name  an  important  point  to  be  considered  in 
electing  a  generator. 

Ans.     Its  efficiency. 

Ques.    What  are  the  important  points  with  respect 
o  efficiency? 

Ans.  A  generator  possessing  a  high.  eSactenc^  bX.*Cdsi  w*«k»s^ 
wd  is  more  desirable  than  a  generator  sYwTOTfi.fc  «.\a^v  ^ffitfbsstss 
AdtJoad. 

\ 
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Ques.    Why? 

Ans.  The  reason  is  that  in  station  practice  the  I 
limit  is  seldom  reached,  the  usual  load  carried  by  a  \ 
ordinarily  lying  between  the  one-half  and  three-quai 
points. 

Ques.  How  do  the  efficiencies  of  large  am 
generators  compare  ? 

Ans.     There  is  little  difference. 


Pw.  2,7*5.— Rotor  of  Weatinghouse  type  T  turbine  dynamo  set.    The  dynami 

used  two  or  more  times  on  the  wheel  to  secure  efficiency.  A  fly  ball  govei 
with  weights  hung  on  hardened  steel  knife  edges.  In  case  of  ovet  apeedin; 
safety  stop  throttle  ralv«  is  tapped  shutting  off  the  steam  supply.  This  t; 
dynamo  set  is  especially  applicable  fo[  exciter  service  in  modem,  super 
generating  stations  where  the  steam  presBure  eiceeda  125  pounds.    W 

per  square  inch  with  steam  superheated  to  150  degrees  Fahrenheit. 


Ques.    How  are  the  sizes  and    number   of   g 
determined  ? 

Ans.     The  sizes  and   number  of  generator  to  be 

should  be  such  as  to  permit  the  engines  operating  th> 

vrorfced  at  nearly  full  load,  \jw&^»\^^wr«Mi«»*.1 

machines  decrease  rapidly  v.-W  aarJ^i>»NiM».«& 
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Ques.    What  is  understood  by  regulation? 

Ans.    The  accuracy  and  reliability  with  which  the  pressure 
or  current  developed  in  a  machine  may  be  controlled. 

It  is  generally  possible  if  purchasing  of  a  reputable  concern,  to  ob- 
tain access  to  record  sheets  on  which  may  be  found  results  of  tests  con- 
ducted on  the  generator  in  question,  and  as  these  are  really  the  only 
means  of  ascertaining  the  values  of  efficiency  and  regulation,  the  pur- 
chaser has  a  right  to  inspect  them.  If,  for  some  reason  or  other,  he  has 
not  been  afforded  this  privilege,  he  should  order  the  machine  installed 
in  the  station  on  approval,  and  test  its  efficiency  and  regulation  before 
making  the  purchase. 


'«.  2.796. — Cross  section  of  electrical  station  showing  small  traveling  crane. 


Installation. — The  installation  of  machines  and  apparatus 
a  an  electrical  station  is  a  task  which  increases  in  difficulty 
rith  the  size  of  the  plant.    When  the  parts  are  small  and  com- 
aratively  light  they  may  readily  be  placed  in  position,  either  , 
y  hand,  by  erecting  temporary  supports  viYftOfc  tk&^  \>fc  tsskm*& 
m place  to  place  as  desired,  or  by  roY&&£  Vtofc  <fc*x\&  ^ssasL^ 


the  floor  upon  pieces  of  iron  pipe.  If,  however,  the  parts  bt 
large  and  heavy,  a  traveling  crane  such  as  shown  in  fig.  2,791, 
becomes  necessary. 

Ques.    What  precaution  should  be  taken  in  m 
the  parts  of  machines? 

Ans.     Care  should  be  taken  not  to  injure  the  bearings  and 


.787.— Crow  bc 
joval  of  large  or 


which,  fx-i  .. 

t'lii.lri.-.jliv  ii| 


i.  vi.Tli.,,1  mui 


umii  length,  of  the  station.     This  tiack -—_m 

wall!  of  the  buiklw,  !■"'.  rests  upon  t-eams  specially  provided  forlhfpurpj 
lv.  ■hi  hi  :■-•  .:.■■,;  thus  ..i-.iiiL'  I.  anothtf  hpjtan^HI  motion  ***& 
firmer  is  afforded  ov  mean  of  the  carriage  which,  being  alio  nnjoaw" 
pen  a  track  on  the  top  of  the  beam.  Electrical  power  a  generally  arf 
hcc  mid  also  the  revolfinu  rlninis  contained  thereon,  the  latter  of  wtlidl.l" 


rte 


y  or  Iwht  loads. 


In  the  larger  tiles  of 

ii  or  auxiliary  hoist  ir 


shafts,  the  joints  in  magnetic  circuits  such  as  those  betws" 
frame  and  pole  pieces,  and  the  windings  on  the  field  and  am 

The  insulations  oi.  the  wnvfe,;;.  am  ^efea^K'&m-nsaA.'vAalguttli  ] 
a  generator,  and  th«  most  MBfi\Vf  wfaseA.  '%«-^«itAa.^t»-ai>- 
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a  brnir,  nr  a  bending  of  the  wires  by  renins  their  weight  upon  them 
or  by  their  -nming  m  contact  with  some  hard  substance,  win  often 
render  a  field  coil  or  as  armature  useless. 

Owing  to  its  costly  construction,  it  is  advisable  when  transporting 
armatures  by  means  of  cranes  10  use  a  wooden  spreader,  as  shown  in 
fig.  2,798    to  prevent  the  supporting  rope  bruudng  the  winding. 


"fc.  1.1M.— Vir 

If  •  ijiiin  be  ™d  in  pUcc  c/  tht 
tare  rfi*ft  and  lpeci»]  emir 


Quest.     If  an  armature  cannot  be  placed  at  once  In  its 
InaJ  position  what  should  be  done  ? 

Ans.  It  may  be  laid  temporarily  upon  the  floor,  if  a  sheet  0C4 
ardboard  or  cloth  be  placed  underneath  the  armature  as  a 
selection  for  the  windings;  in  case  the  armature  is  wft.  ^a  ^a, 
aed  for  some  time,  it  is  better  practice  to  place  \\.  m  a.\«sP3Jacaai 
tJtioii  <m  two  wooden  supports  near  the  doaix.  eoAa. 
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Ques.  What  kind  of  base  should  be  used  with  i 
driven  generator  or  motor? 

Ans.  The  base  should  be  provided  with  V  ways  and  adj 
screws  for  moving  the  machine  horizontally  to  take  up  si; 
the  belt,  as  shown  in  fig.  2,799. 

Owing  to  the  normal  tension  on  the  belt,  there  is  a.  moment 
equal  in  amount  to  the  distance  from  the  center  of  gravity  of 
ADJUSTING  SCREW 


chine  to  the  center  of  the  belt,  multiplied  by  the  effective  pul: 
belt.  This  force  tends  to  turn  the  machine  about  its  center  of 
By  placing  the  screws  as  shown,  any  turning  moment,  as  ju 
tioned,  is  prevented. 

Ques.    How  should  a  machine  be  assembled? 

Ans.     The  assembling  should  progress  by  the  aid  of 

print,  or  by  the  information  o\i\amcd  from  a  photograph 

complete  machine  as  it  appears  \\\\ew  tcb&j  Vsn  srx^es. 

part  should  be  perfectly  clean  *\«n.  v\*^^^*^ 


VAXAGEHEK 


hose  pans  brrweei.  "B-hicr.  ih™  i^  fn~ioc.  v.'heL.  ih'.  — 
i  ir.  opeia*Lior..or  &:to=.;  vh;:-:  o^s.-  ins:-  cc  a&saety:  it. 
oiL  case?  the  scriace:-  — .  con^ar  rr^~  !*  m*-  Kii  • 
3ed  before  piaancir.  pos^::n. 


I-.  ^  **>  ■  -.     -.W.  - 


Qu**,.     Wha?  sbuuic  r*  nutec  wttr  teepee,  v.-  -muL.  *. 
metatarr 
fatt      iffjwwi    ..- .        ..........      .. J.-    L-ST.SS-'*'* 
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in  order  to  develop  the  voltage  at  which  the  machine  is  ratal 
The  speed,  in  revolutions  per  minute,  the  pressure  in  volts,  and 
the  capacity  or  output  in  watts  (volts  X  amperes)  or  in  ldk>- 
watts  (thousands  of  watts)  are  generally  stamped  on  a  name- 
plate  screwed  to  the  machine. 

This  requirement  frequently  requires  calculations  to  be  made  by  the 
erectors  to  determine  the  proper  size  pulleys  to  employ  to  obtain  thi 
desired  speed. 


f  BOLT  WITH  L0N6  THREA 


IRON  WASHER 


AKClAMPSfei 
RLARGtR¥«** 
IN6T0CAPACnY 
DESIRED 


BELT \— 


GROOVE  FOR  BOLT 


TIGHTENING-        \s-.-: 
NUT  \y 

Vu,.  L\*<M.  — H'-'iiu-  rii.ult  In  It  clamp.  It  is  made  with  four  pieces  of  oak  of  ample  sijetnfiiW 
^rip  the  >i'-it  i-y,<]<  v/V*---  t)v  \<  'is  arc  tmhu-ned.  The  figure  shows  the  clamp  oompkw** 
1:1  [»'->iti"ti  'Mi  4h«-  !n!r  a:iil  «  ,«-,lr,,y  ii',ustr.it«s  the  details  of  construction.  In  ma^nr*u* 
I.-tu:  im'-t^  •?:■•  thre.td  *ii:»uM  i»  'ui  a!><iut  three-quarter  length  of  bolt  and  dcepen-W1* 
'ha?  thr  riu--;  will  ta'ilv  mti-'.v  -n. 

Example.  -  What  diameter  of  engine  i)ullcy  is  required  \o  ran* 
dynamo  at  a  speed  of  \,\oi)  revolutions  per  minute  the  dynamo  pulky 
U-ing  10  inche>  in  diameter  and  the  speed  of  engine,  275  revolutions 
per  niinute.-' 

The  diameter  of  pulley  required  on  engine  is 

1(1  X    '  V  ■--  .r>:{  inches,  nearlv. 

Rule. —To  t\iv\  \\\u  e\\;v\wv.Av.'X  vA  \"W  ^nxv^y^^*™^^^5^ 
of  the  driven  pullev  hy  its  diaweler,  Aw\A«  \\xe  V^^>^^*> 
driver  and  the  answer  w*l  be  the  site  a$  *e  Wt  tt***. 


UAXAGEMEXr 


33."   rrvcuunnn-   r>r- 


II   I 


Lxampit — 1:  a  sight.,  nip 
have  a  oeh  whet:  4*  m-':ie:- 
havinp  a  puliey  12  uicne.-  ir.  • 


Rule. — Wiier.  tnt  sitx-J  m:  ::.■-  iinvmg  imiuy  an.".  i:y  liuunftr 
known,  and  r/?t  diwiKltrr  •..:  ,.:n  'jr-.ver.  yuVii".  \>  w\v*«\..  vew  *k- 
the  driven  fiuliey  a-  i'.junc;  j.v  «t;iultpi_vni[.  lh<  &\nt?.  <>[  uw  *t«« 
A™«<n-  w  «rrift<  one  titrwlwi,  toe  product  P>  UK  ommmht  t;  t 
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Example. — What  will  be  the  required  speed  of  an  engine  ha 
belt  wheel  46  inches  in  diameter  to  run  a  dynamo  1,500  revol 
per  minute,  the  dynamo  pulley  being  11  inches  in  diameter? 

The  speed  of  the  engine  is 


6.— Wiring  diagram  and  directions  fnr  operating  Holier-Cabot  single 
ingmnlnr.    Location:    The  motor  should  he  placed  in  as  clear  and  dry 

ors  are  provided  with  link  across  two  terminals  on  tho  upper  right  han 

the  link.    Temperature":  At  f'vill  lo...!  tin- motor  «-ill  feel  hot  to  the 

Wisle.     The  temperature  .;!,.  ,vAl\  v.r-.l  t.v. <-:-•:  ~\  i!«/."-'es  Pa.hr.  above  tli 
CMHnfi:     Fill  the  oil  well*  tut\icoveift««\M™*™*^*^>«w*fc 
the  oil  rinas  turn  freely  with  sWt.    V.aw.    T» ""jaj'i 
colfcct. rfng,  with  aandpape.   «4  ~J^^Sg££j5r5^« 
brushes  become  worn  they  ■""     ,',  Vw7mta  Ji»*  I»ffl»ft  'itl'it  D 
always  sandpaper  them  to"«««K  &ta*. 
pawing  a  atrip  of  aandp»P«  »r— 


a  bemath  tt»\W*« 
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Rule. — To  find  the  speed  of  engine  when  diameter  of  both  pulleys, 
id  speed  of  dynamo  are  given,  multiply  the  dynamo  speed  by  the  diam- 
erafits  pulley  and  divide  by  the  diameter  of  engine  pulley. 

:s.  How  ore  the  diameters  and  speeds  of  gear  wheels 
d? 

The  same  as  belted  wheels,  using  either  the  pitch  circle 
:ers  or  number  of  teeth  in  each  gear  wheel. 


THREE  PHASE 

Holzer-Cubot  slow 


■oltage  at  the 


3  foi 

rftow..   Starttnt:  Slnslephi 

^^ning  portion.  Do  tut  'Si  the  milch  .■ 
or  single  phase  motors  above  X  H.P.  an 
om  of  the  panel.  The  Imt  ii  shown  in  the 
.  Connect  from  W  to  2  or  W  to  3  for  start- 
■rs  are  started  simply  by  closing  the  switch, 
ers.  The  motor  should  start  promptly  on 
first  time  without  being  coupled  to  the  line 
t  .tart  loaded,  it  shows  either  that  the  load 
age  too  low.  or  the  frequency  too  high.  The 
ng  should  be  within  6%  of  the  name  plat* 
e  storting.    If  the  motor  do  not  start  free. 

Tn  reve™  the  Ainclvm  c*.  iwaioon.  afte- 
TrmiMr.tiuv.  K\t«\V*»A  !*«■=? 
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Quea.  What  should  be 
noted  with  respect  to  gen- 
erator pulleys? 

Ans.     A  pulley  of  email 
size  is  usually  supplied  i 
each  generator  by  its  n "" 
cturer,  and  it  is  not  g 
ly  advisable  to  depart  nroo 
om  the  dimensions  of  lH 
alley.     Accordingly,  the  4 
ition  of  the  pulley  proUa 
sually  consists  ir.  finding tl 
ecessary    diameter   of  1 
iriving     pulley     relative  j 
that   of    the    pulle; 
generator  in  order  to  fun 
the  required  speed. 

Ques.  WhatisthecM 
objection  to  belt  drive? 

Ans.  The  large  amount 
floor  space  required. 

Ques.     How     may   ' 
amount    of     space    ri 
would    ordinarily   be 
quired  for  belt  drive, 
reduced  ? 

Ans.  By  driving  much 
in  tandem  as  in  fig.  2,811 
\yj  'O&c  ^sd&M  ifffflft  driv 
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Ones.    What  is  the  objection  to  the  tandem  method  ? 

Ans.    The  most  economical  distance  between  centers  cannot 
employed  for  all  machines. 

Ones.  What  is  the  objectionable  tendency  in  resorting 
floor  economy  methods  with  belt  transmission? 

Ans.  The  tendency  to  place  the  machines  too  closely  together. 
ds  is  poor  economy  as  it  makes  the  cleaning  of  the  machines 
Hfficult  and  dangerous  task;  it  is  therefore  advisable  to  allow 
Scient  room  for  this  purpose  regardless  of  the  method  of 
[ting  employed. 


CENTER  CRANK  ENGINE 


Mil.—: 


if  the 
saved 


Double  pulley  drive  for  economizing  floor  space  with  belt  transmission.  Where 
crank  engine  is  used  both  pulleys  may  be  employed  by  belting  a  machine  to  each 
l     Although  considerable  floor  space  would  be  saved  by  the  use  of  this  scheme 

generators  thus  belted  were  placed  at  M  and  G  yet  still  more  floor  space  would  be 

by  having  them  occupy  the  positions  indicated  at  M  and  S. 


fries.    What  is  the  approved  location  for  an  alternator 
dter? 

r\ns.    To  economize  floor  space  the  exciter  may  be  placed 
tween  the  alternator  and  engine  at  S  in  fig.  2,811. 


Belts. — In  the  selection  of  a  belt,  the  quality  of  the  leather 
ould  be  first  under  consideration.    The  leather  must  be  firm, 
t  pHable,  free  from  wrinkles  on  the  grain  or  bait  «&&,*£&*&. 
even  thickness  throughout. 


2,010 


HAWKINS  ELECTRICITY 


If  the  belt  be  well  sele 
properly  handled,  it  shoul 
vice  for  twenty  years,  ( 
then  if  the  worn  part  b 
the  remaining  portion  m 
made  and  used  again  as  a 
and  shorter  belt. 


Besides  leather  belts,  the 
madeof  rubber  which  wilhs 
tire  much  bettor  than  leathi 
which  also  possess  an  excel 
the  pulley;  they  are,  hoi 
costly  and  much  less  dm 
normal  conditions. 

In  addition  to  leather 
belts,  there  are  belts  cotmj 
ton,  of  a  combination  of 
leather,  and  of  rope.  The  1 
however,  is  the  "' 
recommended. 


Equally  important  witt 
ity  of  a  belt  is  its  size  in 
transmit  the  necessary  pi 


The  average  strain  undei 
ther  will  break  has  been 
many  experiments  to  be  3, 
per  square  inch  of  cross 
good  quality  of  leather  wi 
somewhat  greater  strain, 
the  pulleys,  bells  should  i 
iectea  to  a  greater  strain 
eleventh  their  tensil  est  reus 
*'!H^y™\j\s\y.i\!B!C  sfluarei 

3K&U&.     TW5.  >*S4\k!  Si3»3i 


\S&<Jl.       Ttoa    i 
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fries.     How  much  horse  power  will  a  belt  transmit  ? 

\ns.  The  capacity  of  a  belt  depends  on,  its  width,  speed, 
thickness.  A  single  belt  one  inch  wide  and  travelling  1,000 
per  minute  will  transmit  one  horse  power;  a  double  belt  under 
ame  conditions,  will  transmit  two  horse  power. 


U113. — One  hone  power  transmitted  by  belt  to  illustrate  the  rule  given  above.  A  pulley 
I  driven  by  a  belt  by  mean*  of  the  friction  between  the  surfaces  in  contact.  Let  T  be 
he  tension  on  the  driving  side  of  the  belt,  and  T.  the  tension  on  the  loose  side:  then  the 
brivins  force  -T-T*  In  the  figure  T  is  taken  at  34  lbs.  and  T  at  1  lb.:  hence  driving 
bra  -34—1  -33  lbs.  Btnea  the  bah  il  traveling  at  a  velocity  of  1.000  feet  per  minute 
ba  pom*  transmitted -33  lbs,  X1.00Q  ft. -33,000  ft,  lbs.  per  minute  -  1  horse  power. 

This  corresponds  to  a  working  pull  of  33  and  68  lbs,  per  inch  of 
width  respectively. 

Example. — What  width  double  belt  will  be  required  to  transmit 
50  horse  power  travelling  at  a  speed  of  3,000  feet  per  minute? 

The  horse  power  transmitted  by  each  inch  width  of  double  belt  trav- 
elling at  the  stated  speed  is 


a  tha  width  of  belt  required  to  transmit  60  horse.  pow«  ia 
«»+«-8.33,  say  8  inches. 
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Ques.     At  what  velocity  should  a  belt  be  run! 
Ans.     At  from  3,000  to  5,000  feet  per  minute. 
Ques.     How  may  the  greatest  amount  of  power  tram 
ralttlng  capacity  be  obtained  from  belts? 

Ans.     By  covering  the  pulleys  with  leather. 
Ques.    How  should  belts  be  run  ? 

Ans.     With  the  tight  side  underneath  as  in  fig.  2,814. 


Pics.  2,814  and  2.815  —  Right  and 


Ques.    What  is  a  good  indication  of  the  capacity »' 
belt  in  operation? 

Ans.     Its  appearance  after  a  few  days'  run. 

If  the  side  ot  "Cast  WU  eummtm  swevVatt  with  the  pullw  «"»* 
mottled  abearance ■  *  ^s  'in "™™  **• "* *?*5 **  ™9»«*-i * thet~ 
considerably  in  «w»  rf.  ^  v***  *t«fe.  *.  ^  \ra*=s.-«3Bv«- 
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u  the  spotted  portions  of  the  belt  do  not  touch  the  pulley;   and  in 
consequence  of  this  there  is  liable  to  be  more  or  less  slipping. 

Small  quantities  of  a  mixture  of  tallow  and  fish  oil  which  have  pre- 
viously been  melted  together  in  the  proportion  of  two  of  the  former 
to  one  of  the  latter,  will,  if  applied  to  the  belt  at  frequent  intervals, 
do  much  toward  softening  it,  and  thus  by  permitting  its  entire  surface 
to  come  in  contact  with  the  pulley,  prevent  any  tendency  toward  slip- 
ping. The  best  results  are  obtained  when  the  smooth  side  of  the  belt 
is  used  next  to  the  pulley,  since  tests  conducted  in  the  past  prove  that 
more  power  is  thus  transmitted,  and  that  the  belt  lasts  longer  when 


used  in  this  way. 


Ques.  What  is  the  comparison  between  the  so  called 
endless  belts  and  laced  belts? 

Ans.  With  an  endless  belt  there  is  no  uneven  or  noisy  action 
as  with  laced  belts,  when  the  laced  joint  passes  over  the  pulleys, 
and  the  former  is  free  from  the  liability  of  breakage  at  the  joint. 

Ques.    How  should  a  belt  be  placed  on.  th*  ^vd&?j%\ 
Ans.     The  belt  should  first  be  placed  cm,  MSifc  \»&s?3  «^  "«* 
d  then  ran  on  the  other  pulley  while  tb.ela.ttra^&'o*-'10*^31*' 
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The  best  resultt  are  obtained,  and  the  strain  c 

the  speed  at  which  the  moving  pulley  revolves 

With  heavy  belts,  particular  care  should  be  taken  to  \ 
turn  of  the  clothing  being  caught  either  by  the  oiovinj 

as  many  serious  accidents  have  resulted  in  the  past  I 

in  regard  to  this  important  detail.   The  person  handling  the  belt  A 
therefore,  be  sure  of  a  firm  footing,  and  when  it  is  iimmMihln  to  ■ 
this.it  is  advisable  to  stop  the  engine  and  fit  the  belt  around  the  et, 
pulley  as  well  as  possible  by  the  aid  of  a  rope  looped  around  the belt. 


and  in  a  clinch  coupling  the  nr ■«  \V,  is  jHjTjn.-.ntnlly  and  rigidly  Kcnred  to  the  shift 
Men  mil  bu  disturbed  when  removing  the  wearing  parte.  When  erected,  the  MdjusB 
■  li'jul'l  tie  veriiir .!.  .ir:il  aUv:iys  K- le h  The  clutch  and  ring  ensued  and  at  rest.  Iltbe^ 
do  not  press  equally  on  the  ring,  or  if  the  pressure  required  on  the  cone  be  ibnora* 
loosen  the  upper  aJ  justing  nutj  T'  on  eye  bolti  and  set  up  the  lower  adjutlinif  nua  T" 
until  e.i.  h  iu-1  J  in«-<  i<  imrl«ih.  um.  nn-™ire.  Should  the  clutch  then  slip  v  I  •,-:  ■..:■■-'- 
it  and  a  further  adjustment  will  tienete»r£ 

iplit  lock  wuhers.     Vibration  or  iha**" 

= ...    The  jaws  can  be  removed  parallel  to  tbe  ■aJl" 

follows:   Remove  the  gibs  V,  and  withdraw  the  jnw  pin*  p.  then  pull  out  f    ' 

be  taken  off.    On  the  •ef*l£* 

fulcrum  plate  is  remo*at  "* 
-h  operating  lever  in  the  paa*a 
-a.    Dathe— J" 


I...-.V  the- 

T".    Thooutst 


of  the  clutch.    Keep  it  clean.    Examine  r, L  r.  L^.il.ir  j 1 1 c ._  r\  als. 

Ques.     Under  what  conditions  does  a  belt  drive  t*« 
the  best  results? 

Ans.     When  the  two  pulleys  are  at  the  same  level 


Ques.    What  is  a  characteristic  feature  in  the  operat"0" 
of  belts,  and  why? 
Ans.     Belts  in  motion  'ktIV  ^wjs.^^*e^&*>«*-^,i-v 
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iDey;  this  is  due  partially  to  the  greater  speed  in  feet  per 
orate  developed  at  that  point  owing  to  the  greater  tircum- 
TDce  of  the  pulley,  and  also  to  the  effects  of  centrifugal  force. 

H,  therefore,  the  highest  sides  of  both  pulleys  be  in  line  with  each 
other,  and  the  shafts  of  the  respective  pulleys  be  parallel  to  each  other, 
there  will  be  no  tendency  for  the  belt  to  leave  the  pulleys  when  once 
in  its  proper  position.  In  order  that  these  conditions  be  maintained, 
the  belt  should  be  no  more  than  tight  enough  to  prevent  slipping,  and 
the  distance  between  the  centers  of  the  pulleys  should  be  approximately 
3.5  times  the  diameter  of  the  larger  one. 


.  wis.— inn 

with  the  riecpbou  of  lie  coiuKctioii 


Ques.     What  minor  appurtenances  should  be  provided 
a  station? 

Ans.     Apparatus  should  be  installed  as  a  prevention  against 
cidents,  such  as  fire,  and  protection  of  attendants  from  danger. 

In  every  electrical  station  there  should  be  a  pump,  pipes  and  hose; 
the  pump  may  be  rather  directly  connected  to  a  small  eWtric  motor  tn 
belted  to  a.  countershaft,  while  the  pipes  and  \\ose  sViwi\i\>e  «i  \\'aKB&' 
that_  no   water  con  accidentally  reach   the   g«\eTa.Vi^s  asA.  AwiwwA. 
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A  number  of  fire  bucket  filled  with  water  should  be  placed  on  bracket* 
around  the  station,  and  with  these  there  should  be  an  equal  number  oi 
bucket  containing  dry  sand,  the  water  being  used  for  extinguishing 
fire  occurring  at  a  distance  from  the  machines  and  conductors,  and  th< 
sand  for  extinguishing  fire  in  current  carrying  circuits  where  wata 
would  cause  more  harm  than  benefit.  To  prevent  the  sand  being  blowi 
about  the  station,  each  sand  bucket,  when  not  in  use,  should  be  providec 
with  a  cover. 

Neat  cans  and  boxes  should  be  mounted  in  convenient  places  fo 
greasy  rags,  waste,  nuts,  screws,  etc.,  which  are  used  continually  am 
which  therefore  cannot  be  kept  in  the  storeroom. 

While  it  is  important  to  guard  against  fire  in  the  station,  it  is  equall; 
necessary  to  provide  for  personal  safety.    All  passages  and  dark  pit 


Pig.  2,819. — Method  of  joining  adjacent  switchboard  panels. 


should  therefore  be  thoroughly  lighted  both  day  and  night,  and  obstack 
of  any  nature  that  are  not  absolutely  necessary  in  the  operation  of  ti 
station,  should  be  removed.  Moving  belts,  and  especially  those  passu 
through  the  floor,  should  be  enclosed  in  iron  railings.  If  high  voltap 
be  generated,  it  is  well  to  place  a  railing  about  the  switchboard  to  preya 
accidental  contact  with  current  carrying  circuits,  and  in  such  cases  it 
also  advisable  to  construct  an  insulated  platform  on  the  floor  in  front  < 
the  switchboard. 


Switchboards. — The  plan  of  switchboard  wiring  for  altei 
nating  current  work  depends  upon  the  system  in  use  and  thi 
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alternator  since  the  main  leads  of  the  exciter  are  connected  through  a 
doable  pole  switch  G  to  the  field  winding  of  the  alternator. 

A  rheostat  is  also  introduced  in  the  alterantor  field  winding  circuit 
to  adjust  the  alternator  pressure.  It  may  seem  unnecessary  to  employ 
a  rheostat  in  each  of  two  separate  field  circuits  to  regulate  the  voltage 
of  the  alternator,  but  these  rheostats  are  not  both  used  to  produce  the 
same  result.  When  a  considerable  variation  of  pressure  is  required, 
the  exciter  rheostat  is  manipulated,  whereas  for  a  fine  adjustment  of 
voltage  the  alternator  rheostat  is  preferably  employed. 

Sometimes  a  direct  current  ammeter  is  introduced  in  the  alternator's 
field  circuit  to  aid  in  the  adjustment. 

The  main  circuit  of  alternator  after  being  protected  on  both  sides  by 
fuses,  runs  to  the  double  pole  switch  K.  These  fuses  serve  as  a  protection 
to  the  alternator  in  case  of  a  short  circuit  at  the  main  switch.  It  will 
be  noticed  the  fuses  are  of  the  single  pole  type  and  are  mounted  a  con- 
siderable distance  apart;  this  is  to  prevent  any  liability  of  a  short 
circuit  between  them  in  case  of  action.  Enclosed  fuses  are  now  used  en- 
tirely for  such  work,  since  in  these  there  is  no  danger  of  heated  metal 
being  thrown  about  and  causing  damage  when  the  fuse  wire  is  melted. 
Enclosed  fuses  are  also  more  readily  and  quickly  replaced  than  open  fuses, 
the  containing  tube  of  each  being  easy  to  adjust  in  circuit,  and  when  the 
fuse  wire  within  is  once  melted  the  tube  is  discarded  for  a  new  one. 

The  main  circuit  after  passing  through  the  main  switch  is  further 
Protected  on  both  sides  by  circuit  breakers.  Leaving  these  protective 
devices,  the  left  hand  side  of  the  circuit  includes  the  alternating  current 
a?nrneter,  and  then  connects  with  one  of  the  bus  bars.  The  right  hand 
side  of  the  circuit  runs  from  the  circuit  breaker  to  the  other  bus  bar. 
A?  many  feeder  circuits  may  be  connected  to  the  bus  bars  and  supplied 
^ith  current  by  the  alternator  as  the  capacity  of  this  machine  will  per- 
mit. If,  however,  there  be  more  than  one  feeder  circuit,  each  must  be 
^ired  through  a  double  pole  switch. 

In  alternating  current  work  the  pressures  dealt  with  are  much  greater 
than  those  in  direct  current  installations,  so  that  proportionate  care 
^Ust  be  taken  in  the  wiring  to  remove  all  possibility  of  grounds. 

.  To  locate  such  troubles,  however,  should  they  occur,  a  ground  detector 
*s  provided.  For  this  class  of  work  the  ground  detector  must  be  an 
^istrument  especially  designed  for  high  pressure  circuits.  Two  of  its 
terminals  should  be  connected  to  the  line  wires  and  the  third,  to  ground; 
***  case  of  a  leak  on  the  line,  a  current  will  then  flow  through  the  detector 
Sud  by  the  position  of  the  pointer  the  location  and  seriousness  of  the 
fcak  may  be  judged. 

A  step  down  transformer  is  also  rendered  necessary  for  the  voltmeter 

*nd  the  pilot  lamps,  owing  to  the  high  voltage  in  use.    The  primary, 

Coding  of  the  transformer  is  connected  across  t\\e  rcvsxa.  ckcoSX.  <&  'S&a 

alternator.    This  connection  should  never  be  made  so  \5asX  \\.  ,^fl&\»  ^ 

Jtttof  circuit  when  the  main  switch  is  open,  lot  \t  isb>  ttaiwi*  %&nSss&^' 

ooosult  the  voltmeter  before  throwing  on  theV»d\*y  etaa»%*tfA««* 
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Ones.  How  does  the  switchboard  wiring  for  a  two 
system  differ  from  the  single  phase  arrangement 
in  fig.  2,820? 

Ans.    It  is  practically  the  same,  except  for  the  introduction 
!aa  extra  ammeter  and  a  compensator  in  each  of  the  outside 
and  in  the  use  of  a  four  pole  switch  in  place  of  the  two 
main  switch. 

The  ammeters,  of  course,  are  for  measuring  the  alternating  currents 
m  each  of  the  two  phases  or  legs  of  the  system,  and  the  compensators 
are  two  transformers  with  their  primary  coils  in  series  with  the  outside 
wires  and  their  secondary  coils  in  series  with  each  other  across  the  out- 
side wires.  The  transformers  thus  connected  are  known  as  compen- 
sators or  pressure  regulators,  and  as  such  compensate  for  the  drop  in 
pressure  on  either  side  of  the  system. 

Ques.     How  is  the  four  pole  main  switch  wired  ? 

Ans.  Its  two  central  terminals  which  connect  directly  with 
I  line  wires,  are  joined  together  by  a  conductor,  and  from 
is  point  one  wire  is  led  off.  This  wire,  together  with  the  two 
tside  wires,  form  the  feeders  of  the  system. 

Ques.  How  many  voltmeters  are  required  for  the  two 
tase  system? 

Ans.  One  voltmeter  is  sufficient  on  the  board  if  a  proper 
ritching  device  be  employed  to  shift  its  connections  across 
ther  of  the  two  circuits;  otherwise,  two  voltmeters  will  be 
jcessary,  one  bridged  across  each  of  these  respective  circuits. 

The  same  reasoning  holds  true  in  regard  to  ground  detectors,  so  that 
one  or  two  of  these  wul  be  required,  depending  upon  the  aforementioned 
conditions. 

Ques.    What   are   the   essential   points   of   difference 
ctween  the  single  phase  switchboard  wiring  as  shown 
|J&  2,820,  and  that  required  for  a  ttaee^\ifetta^\taasfe 
item? 

na.    The  three  phase  system  requires  the  -use  <&  *.\fcx*fc  V 
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switch  in  place  of  the  two  pole  switch ;  the  insertion  of  an  am 
ter,  a  circuit  breaker,  and  a  compensator  in  each  of  the  tl 
wires  of  the  system;  the  presence  of  two  ground  detectors 
stead  of  one,  and  the  addition  of  a  voltmeter  switch  if  but 
voltmeter  be  provided,  or  else  the  installation  of  two  voltmd 
connected  the  one  between  the  middle  wire  and  outer  right  h 
wire,  and  the  other  between  the  middle  wire  and  outer 
hand  wire. 


Ques.    Mention   a   few   points   relating   to   lightn 
arresters. 

Ans.     In.  most  cases  where  direct  current  is  used  they 

mounted  on  the  watts  ol\.V&^^o^^e^^fe^^&i»^.^hich 

iine  wires  enter.    U  tney  be  mwmtei  -ja^  W*sSm< 

point,  special  precautions  ^c^i\»  ^^  v>  W*>  ^ 
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and  2332.— Garten-Daniels  alternating 
ightnirur  arrester;  diagram  ■hawing  con- 
A  lightning  discharge  takes  the  path 
1  by  the  dotted  line,  across  the  upper  air 
■rough  resistance  rod  B,  C,  D,  across  cop- 

the  movable  plunger  M,  lowe.   ...  w..r 
ground  hindin#j.  poet  L.     The  discharge 


strip  in  pre'en 

Si 

he  oath  across 

discharge  occ 
any  lightning 
d  so  there  is  o 

following    the 

rs  fn. 

.■red 

lit!  h  in 

.thai 

path 

this 

5H 

ow  of 

Bno/.™riS^nceJ]^toh;i-A),C.il^v- 


HcJEibEe  lead  to  upper  end  of  mov. 
inger,  through  movable  plunger,  across 
ir  gap  N,  to  ground  binding  post  L. 
to  ground.    The  function  of  the  short 

A  resistance  rod  CD  is  as  follows:   It  has 

T'vr-iaJucfiTV.     Magnet  winding  II.  connected  tr. 


of  about  30  ohms 


yd™  in 


nal  n 


■c^tfrui 


_ _Tiits — t^kes  tin;  .'-it-  fi-si^.j'p-.^  path  tlir^wli  '.i.il  II  in  its  path  to  ground. 

CU  of  the  rod  is  used  therein™  si:-,.Li-  to  shunt  th,-  inductance  of  winding  H  to 
luency  lightning  discharged.  It'^'iTi^  the  ln<htiiinK  discharge  path  in  the  arrester 
bhtitiw  highly  efficient  path.  In  all  Carton-Daniels  A.  C.  lightning  arrears 
ig  on  non-grounded  "i-  partially  grounded  circnita,  she  action  of  the  air  gaps  and 
=iistancu  a™  together  sufficient  to  eitineuish  the  How  of  normal  current  to  ground 
tm  point  of  the  generator  voltage  aravu.  If.  however,  ns  frequently  happens,  the 
u-ids  ntcilci! Lilly  <Ui:iii.J  ;i  sio:m.  tlii-n  the  iithih  do,'*  not  have  to  depend  lor  its 
juration  on  the  arc  eitiuguishing  properties  of  the  air  gaps  and  resistance,  but  the 
now  of  line  current  through  the  arratur  energizes  the  movable  plunger,  which 
pward  in  the  coil,  upwiirjg  the  circuil  htftrrevn  the  discharge  point  H  and  the  lower 

1.  then:  lidng  annn)iirn.ifriy  iJl'.i  ol:ni;l  between  Ihe  iliicWse  \nv\\  h.  wA  l'jjko  C, 
3UO  rylC  arrester.  This  feature  is  particularly  rflcctivo  w\vew  ft«  <a«^V»  \*9S>- 
or  aoH*nte//j- praunderf.     Tho  series   resistance,   prevent*.  »>lS*a*ri  *ar£  ^™^ 


■  the  j 
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m  moisture  by  enclosing  them  in  iron  cases,  but  no  matter 
ere  they  are  located  it  is  necessary  that  they  be  dry  in  order 
■work  properly. 

If  possible,  one  place  should  be  set  aside  for  them  and  a  marble  or  slate 
panel  provided  on  which  they  may  be  mounted. 

Wooden  supports  are  undesirable  for  lightning  arresters  on  account 
of  the  fire  risk  incurred;  this,  however,  may  be  reduced  to  a  minimum 
by  employing  skeleton  boards  and  using  sheets  of  asbestos  between  the 
arresters  and  the  wood. 

In  parts  of  the  country  where  lightning  is  of  common  occurrence 
and  where  overhead  circuits  are  installed  which  carry  high  pressures, 
heavy  currents,  and  extend  over  considerable  territory,  it  is  advisable 
to  have  the  station  well  equipped  with  lightning  arresters  of  the  most 
improved  types. 

In  each  side  of  the  main  circuit,  between  the  lightning  arrester  con- 
nections and  the  switchboard  apparatus  there  should  be  connected  a 
choke  coil  or  else  each  of  the  main  conductors  at  this  point  should  be 
tightly  coiled  up  part  of  its  length  to  answer  the  same  purpose. 

A  quick  and  effective  way  of  coiling  up  a  wire  consists  in  wrapping 
around  a  cylindrical  piece  of  iron  or  wood  that  part  of  the  conductor 
in  which  it  is  desired  to  have  the  coils,  the  desired  number  of  times,  and 
then  withdrawing  the  cylindrical  piece.  The  coils,  each  of  which  may 
contain  50  or  200  turns,  thus  inserted  in  the  main  circuit  introduce  a 
high  resistance  or  reluctance  to  a  lightning  current,  and  thus  prevent 
it  passing  to  the  generator;  there  will,  however,  be  an  easy  path  to 
earth  afforded  it  through  the  lightning  arrester,  and  so  no  damage  will 
be  done.  Coils  of  the  nature  just  mentioned  may  advantageously  be 
introduced  between  the  generator  and  switch! x>ard  to  take  up  the 
reactive  current  developed  upon  the  opening  of  the  circuit,  and  in  the 
case  of  suspended  conductors,  the  coils  may  be  used  to  take  up  the 
slack  by  the  spring-like  effect  produced  by  them. 

The  safety  of  the  operator  should  be  especially  considered  in  the 
design  of  high  pressure  alternating  current  switchboards. 

Such  protection  may  be  secured  by  screening  all  the  exposed  terminals, 
or  preferably  by  mounting  all  the  switch  mechanism  on  the  back  of  the 
board  with  simply  the  switch  handle  projecting  through  to  the  front; 
by  pushing  or  pulling  the  switch  handle,  the  connections  can  thus  be 
shifted  either  to  one  side  of  the  system  or  to  the  other. 

(Hies.  Upon  what  does  the  work  of  assembling  a  switsK- 
ard  depend? 

Utt    ft  depends  almost  entirely  upon  tVve  s\ia  oi  \>&&  \?»s 
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varying  from  the  simple  task  of  mounting  a  single  pant 
case  of  an  isolated  plant,  to  the  more  difficult  prot 
supporting  a  large  number  of  panels  in  a  central  station. 
Ques.  When  the  material  chosen  for  a  swltc 
must  be  shipped  a  considerable  distance,  what  f 
board  should  be  used? 

Ans.  Tl 
units  or 
should  be 
dimensio 
avoid  the 
of  breaks 
expense  of 
when  a  v 
comes  era- 
machine  in 

Ordinari 
boards  var 
to  eigh  t  (i* 
and    the 
the  panels 
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will  be  less  danger  of  their  breaking  out  when  being  mounted  on  th< 
framework. 

Ques.    In  assembling  a  swtichboard,  how  should  the 
tower  slabs  be  placed,  and  why?  ^^  ^^ 

Ans.    They  should  be  suspended  <^^        ^j&r^ 

a  little  distance  from  the  floor  to 
prevent  contact  with  any  oil,  dirt, 
water  or  rubbish  that  might  be  on 
the  floor. 

Ques.  How  are  the  slabs  or 
panels  supported? 

Ans.  They  are  carried  on  an 
igm  or  wooden  framework  with 
braces  to  give  stability. 

The  braces  should  be  securely  fas- 
tened at  one  end  to  the  wall  of  the  sta- 
tion, and  at  the  other  end  to  the  frame- 
work of  the  board,  as  shown  in  fig. 
2,836. 

To  fasten  the  switchboard  end  of  the 
brace  directly  to  the  slate,  marble  or 
other  material  composing  the  board  is 
poor  practice  and  should  never  be  at- 
tempted. 

If  the  station  be  constructed  of  iron, 
these  switchboard  braces  must  be 
such  that  they  will  thoroughly  insu- 
late the  boara  and  its  contents  from 
the  adjoining  wall. 


Ques.      What   is    the    usual      FlG.  2,83e.— Method  of  supports 
equipment  of  a  switchboard  ?  *• framework  of  *  switchboard. 

Ass.     It    comprises   switching   devices,  current   or  pressun 
Smiting  devices,  indicating  devices,  and  fuses  lot  \>to\&^\xts^*C& 
Yppamtus  and  circuits. 


<• 
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On  tome  switchboards  are  also  mounted  small  transformers  for  raising 
Of  lowering  the  voltages,  and  lightning  arresters  as  a  protection  from 
lightning.  In  addition  to  the  apparatus  previously  mentioned  nearly 
ift  switchboards  carry  at  or  near  their  top  two  or  more  incandescent 
lamps  provided  with  shades  or  reflectors,  for  lighting  the  board. 

Ques.    What  should  be  done  before  wiring  a  switch- 
board? 

Am.    The  electrical  connections  between  the  various  ap- 

BMAHCCTSET 


'tt  1JHS.— Diagram  ahowing  connection*  of  General  Electric  automat 

win  lyatera  tiling  a  balancer  set.    In  operation,  should  the.  voltage  or 
bmme  greater  than  that  on  the  lower  ones,  the  middle  and  upper  ci 


■  3m  upper  onea;   then  the  regulator  eontacti  opernte  in  the  op 
r*!incer  A  ui  run  as  a  dynamo,  and  balancer  B  aa  a  rr-otor.    This 


lideaof 


the  right. 

10.  thereby 


Psratus  mounted  on  the  face  or  front  of  ttie  \xjai4.,  asfc  -mafeft.  era. 
*  back  of  the  board.  It  is  necessary  tiiat  tttfsfc  <s30s*kS»«b 
'properly  made  else  considerable  electrical  yr»«  ""W^ 
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wasted  at  this  point.    The  wiring  on  the  back  of  the  board  should 
therefore  be  planned  out  on  paper  before  commencing  the  wA 

In  laying  out  the  plan  of  wiring  core  must  be  taken  to  allow  sufibait 
contact  surface  at  each  connection;   there  should  be  not  leas  than  a« 
square  inch  of  contact  surface  allowed  for  each  100  amperes  of  current 
-"Tutted. 


MAIN  CONTACTS 
D.C.  MAGNET 
A.C.  MAGNET 
RELAY 
CONTACTS 
j-  RELAY 
MAGNET 
FOR  ADJUSTING 
COMPENSATING 
WINDING 
REVERSING 
SWITCH 


Fin.  2X39.— DiaBri 


CONDENSER 

:ti<ms  of  General  Electric  voha(B  n^rulntms  fcr  8B» 


For  the  bus  bars,  whitTi  by  the  way  arc  always  of  copper,  o: 
inch  per  1,(1110  amperes  is  tin:  usual  allowance;  this  is  equal 
circular  mils  of  cross  sectional  area  per  ampere. 


ances  may  not  become  excessive  owing  to  the  heat  developed  by  tit 
iarge  currents  they  aie  tocsA  \£>  taxt-j.  Suppose,  for  instance,  tta 
number  of  amperes  to  \se  tmM»vA'a  «udv  xa.'wi  txramNmtaai  havioj 
each  a  cross  sectional  w»*  o»«pa»wA.  -^-fc*^*™- 
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Operation  of  Alternators. — The   operation  of  an  alterna- 
tor when  run  singly  differs  but  little  from  that  for  a  dynamo. 

As  to  the  preliminaries,  the  exciter  must  first  be  started.  This  is  done 
in  the  same  way  as  for  any  shunt  dynamo.  At  first  only  a  small  current 
should  be  sent  through  the  field  winding  of  the  alternator;  then,  if  the 


exciter  operates  satisfactorily  and  the  field  magnetism  of  -he  operator 
show  up  well,  the  load  may  gradually  be  thrown  on  until  the  normal 
current  is  carried,  the  same  method  of  pnx'cdure  lieing  followed  as  in 
the  similar  case  of  a  dynamo. 

On  loading  an  alternator,  a  noticeable  dTo\>  \\\  \'^\a.<«K  cjrs>or: 
**w  its  terminals.      This  drop  in  voltage;  V&  caoracA  >»■  "S" 
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y  the  demagnetization  of  the  field  magnets  due  to  thearmatun: 
rurrent,  and  so  depends  in  a  measure  upon  the  position  and  form 
if  the  pole  pieces  as  well  as  upon  those  of  the  teeth  in  the 
jmature  core.  The  resistance  of  the  armature  windin 
.■an  -is  a  drop  in  voltage  under  an  increase  of  load. 


Another  cause  which  i 
armature  winding,  which 
coils  with  respect  to  each  othei  » 


tinned  is  the  inductance  of 
;  to  the  positions  of  the  .-iTiMV.ri 
with  respect  to  the  field  imgofli 


SHUNT  |[| 


v  driven  dynamo  and 

come  equal.    5li.-m!.|  tv,-  |..L„1 

E mentor,  the  regulator  conW 
cot  ii  caused  tn  buLlt  the  m 


Alternators  in  Parallel.— When  the  load  on  a  station  in- 
creases beyond  that  which  can  conveniently  be  carried  by  one 
aJtemator,  it  becomes  necessary  Vi  connect  other  alternators  in 
parallel  with  it.  To  pto^wVj  ■ssnMSa.  \w  *.  -wro  -vxa&sM  in 
«~wBel  with  one  aliead?  m^«:^W,^v^\^.«^ 
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i  complete  knowledge  of  the  situation  on  the  part  of  the  at- 
ttdant,  and  also  some  experience. 


The  connections  for  operating  alternators  in  parallel  are  shown  in  fig. 
2,843.  In  the  illustration  the  alternator  A  is  in  operation  and  is  supply- 
ing current  to  the  bus  bars.  The  alternator  B  is  at  rest.  The  main  pole 
(witch  B'  by  means  of  which  this  machine  can  be  connected  into  circuit 
is  therefore  open. 


BUS  BARS 


H 


MAIM  SWITCHES 


**■  IMS. — Metliod  of  synchronising  with 

•pHauoo,  B.  may  be  brought  tap  toas .  ,     ,         ,      _.  .  .  _       ..„. 

■  B,  be  Rxn  a  little  slower  or  faster  than  A,  the  lynchi-omnng  lamp  will  glow  far 

■  pbaae^  the  lamp  will  become  dark,  but  when  the  phases  are  in  quadrature,  the  lamp  will 
p™  at  its  maximum  brilliancy.  Since  the  nickering  of  the  lamp  is  dependent  upon  the 
"fnrnff  in  frequency,  the  machines  should  not  be  thrown  in  parallel  while  this  flickerinf 
BOSUL     The  nearer  alternator  approaches  synchronism,  in   adjusting  its   speed,  the  slower 

thrown  in  the  moment  the  lamp  is  dark  by  closing  the  switch.     The  machines  are  then  in 

Now,  if  the  load  increase  to  such  extent  as  to  require  the  service  of 
the  second  alterantor  B,  it  must  be  switched  in  parallel  with  A.     la 
order  that  both  machines  may  operate  property  in  ■pai^ni,  "Cktoe.  ™.- 
ditioa*  must  be  satisfied  before  they  are  cannedtA  \«%p!0oct,  OT  •Hso.'-sf 
a°e.*/to2"tor  wai  **  ahort  circuited  through  Mw  oVb«,-*A-«*» 
xtmiltt  win  undoubtedly  follow 


3.  The 
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■  before  closing  main  switch  B,  il  is  necessity  that 
uencies  of  both  machines  be  the  same; 

.    hioes  must  be  in  synchronism; 

d—ages  must  be  the  same. 


Ques.     How  are  the  frequencies  made  the  same? 

Ans.     By  speeding  up  the  alternator  to  be  cut  in,  or  chanj 
the  speed  of  both  untu  is  '.  both  machines  is  the 


**■""•"  EQUALIZING  RHEOSTAT  ""'«"" 
Fie.  2.844.— Diagram  of  connections  of  General  Electric  automatic  voltage  r 
US  in  parallel  with  exciters  in  parallel. 


Ques.    How  are  the  alternators  synchronized  or  broufb' 
In  phase? 

Ans.  The  syncntona&m  ol  \.\\t  alternators  is  determined  by 
employing  some  iorm  ol  wjw2ksot«kx,  «&\s$  Stes.  ■am&t  Ump 
method  of  fig.  2,84*i,  ot  ^e^otov^^*^'*^ 
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Que*.    In  synchronizing  by  the  one  lamp  method,  when 
Ibould  the  incoming  machine  be  thrown  in? 

Ans.  It  is  advisable  to  close  the  switch  when  the  machines 
tre  approaching  synchronism  rather  than  when  they  are  receding 
pom  it,  that  is  to  say,  the  instant  the  lamp  becomes  dark. 


.  2.845. — Method  of  synchronizing  with  two  lamps;  dark  lamp  method.  The  two  synchronizing 
lamps  are  connected  as  shown,  and  each  must  be  designed  to  supply  its  rated  candle  power 
at  the  normal  voltage  developed  by  the  alternators.      Now  since  the  alternators  are  both 
running  under  normal  field  excitation  the  left  hand   terminals  of  each   of  them  will 
alternately  be  positive  and  negative  in  polarity,  while  the  right  hand  terminals  are  respec- 
tively negative*  and  positive  in  polarity.      If,  however,  the  alternators  be  in  phase  with 
each  other,  the  left  hand  terminals  of  both  of  them  will  be  positive  while  the  right  hand 
terminals  are  negative,  and  when  the  left  hand  terminals  of  both  machines  are  negative  the 
right  hand  terminals  will  be  positive.     Hence,  when  the  machines  are  in  phase  there  will 
be  no  difference  of  pressure  between  the  left  hand  terminals  or  between  the  right  hand 
terminals  of  the  two  machines.     Hence,  if  the  synchronizing  lamps  be  connected  as  shown, 
both  will  be  dark.    The  instant  there  is  a  difference  of  phase,  both  lamps  will  glow  attaining 
fall  candle  power  when  the  difference  of  phase  has  reached  a  maximum.     As  the  alterna- 
tors continue  to  come  closer  in  step,  the  red  glow  will  gradually  fade  away  until  the  lamps 
become'  dark.     Then  the  switch  may  be  closed,  thereby  throwing  the  two  machines  in 
fftraUeL     If  the  intervals  between  the  successive  lighting  up  of  the  lamps  are  of  short  dura* 
two  it  is  advisable  to  wait  until  these  become  longer  even  though  the  other  conditions  are 
attjffied,  because  where  the  phases  pass  each  other  rapidly  there  is  a  greater  possibility  of 
apt  bringing  them  together  at  the  proper  instant.    An  interval  of  not  less  than  five  unMtteAk 
™id  therefore  be  allowed  between  {he  successive  lighting  \iy  cA  \&t*\»m^\^w*^«uaA> 
fsi  tsiltit 
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Que*.    What   are    the    objections    to    the   on 
method  ? 

Ans.    The   filament   of   the   lamp   may  break,  as 


Pic.  3340.— 1 


13 
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are 
stalled  for  va 
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only  about 
watts  it  ma: 
the    same 
with  other  xr 
are  three  sta 
N.  M  and  C 
jug  system,  c 
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pointer  is  a 
to  the  shaft 
ing  system 
and  is  not 
any  restraint 
as  a  sprint 
control.    Tt 
coils  N  and 
same  vertic* 
OOdegreesai 
Cist 


plane.  The  coils  N  and  M  are  connected  in  "split  phase  "  relation  through  an  inc 
ance  P  and  non-inductive  resistance  0,  and  these  two  circuits  are  parallel  acra 
terminals  3  and  4  of  the  synchroscope.  Coil  C  is  connected  through  a  non- 
sistance  across  the  upper  machine  terminals  1  and  2  of  the  synchroscope.  If 
current  in  the  coil  C  magnetizes  the  iron  core  carried  by  the  shaft  and  the  twi 
marked  A  and  "iron  armature. "  There  is  however,  no  tendency, to  rotate  t 
current  be  passed  through  one  of  the  other  coils,  say  M,  a  magnetic  field  wiD 
parallel  with  its  axis.  This  will  act  on  the  projections  of  the  iron  armature, 
turn  so  that  the  positive  and  negative  projections  assume  their  appropriat 
the  field  of  the  coil  M.  A  reversal  of  the  direction  in  both  coils  wuf  obviou 
the  position  of  the  armature,  hence  alternating  current  of  the  same  frequent 
in  the  coils  C  and  M  cause  the  same  directional  effect  upon  the  armature  as  if  < 
were  passed  through  the  coils.  If  current  lagging  90  degrees  behind  that  in 
and  C  be  passed  through  the  coil  N,  it  will  cause  no  rotative  effect  upon  tl 
because  the  maximum  value  of  the  field  which  it  produces  will  occur  at  the 
the  pole  strength  of  the  armature  is  zero.  The  two  currents  in  the  coils  M  ax 
a  shifting  magnetic  field  which  rotates  about  the  shaft  as  an  axis.  #  As  all 
assumed  to  be  of  the  same  frequency,  the  rate  of  rotation  of  this  field  is  such  1 
tion  corresponds  with  that  of  the  aimature  projections  at  the  instant  when 
duced  in  them  by  the  current  in  the  coil  Care  at  maximum  value,  and  ti 
through  180  degrees  in  the  same  interval  as  is  required  for  reversal  of  the  p< 
the  essential  feature  ot  the  \t\s\.T\xmCT\X.,  tvamely,  that  the  armature  projec 
position  in  the  rotating  magtve\\c  fo\&  ^wVaOci  cOTw^^^\a'&»*a»«*iou  of  tt 

/nVunt  when  the  P^^^^J^ec^^>^T^^?^^J 
in  the  coil  C.     If  the  trequencv  °t™  ^U^S Svfc  araataaxtu^MaLSi&fews 

be  leas  than  that  in  the  ccn\  y V2w!?8£ £vM^w^.«^ 
inaderthAtitmayr^pajaUe^m^^*^^,,lx-,ax   ^"~ 
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darkness,  or  the  lamp  may  be  dark  with  considerable  voltage 
as  it  takes  over  20  volts  to  cause  a  100  volt  lamp  to  glow. 

Quee.    What  capacity  of  single  lamp  must  be  used  ? 

Ans.     It  must  be  good  for  twice  the  voltage  of  either  machine. 


u\ 


O 


SYNCHRONIZING 
LAMPS 


ALTERNATOR 


ALTERNATOR 


%&&.-— Brilliant  lamp  method  of  synchronizing.     The  synchronising  lamps  are  connected 

U  and  must  be  of  the  alternator  voltage.    When  the  voltages  are  equal  and  the 

\m  phase,  the  difference  of  pressure  between  a  and  a  given  point  is  the  same  as  that 

«r*  and  the  same  point;  this  obtains  for  b  and  M.    Accordingly,  a  lamp  connected 

\m  V  will  burn  with  the  same  brilliancy  as  across  a'  b;  the  same  holds  for  the  other  lamp. 

i  the  voltages  are  the  same  and  the  phase  difference  is  180*  the  lamps  are  dark,  and 

the  phase  difference  is  decreased,  the  lamps  glow  with  increasing  brightness  until  at 
*        '  m  they  glow  with  maximum  brilliancy.    Hence  the  incoming  alternator  should 
in  at  the  instant  of  maximum  brilliancy. 

What  modification  of  the  synchronizing  methods 
in  the  accompanying  illustrations  is  necessary 
I  high  pressure  alternators  are  used? 

L.    Step  down  transformers  must  be  used  \>etoweeiv  ^a- 
mtors  and  the  lamps  to  obtain  the  proper  ^oAcflMi  vd&»» 
vlampe.   / 
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Que*.  How  is  the  voltage  of  an  incoming  machine  ad- 
ttttd  so  that  it  will  be  the  same  as  the  one  already  in 
poatkm? 

Ans.  By  varying  the  field  excitation  with  a  rheostat  in  the 
ternator  field  circuit. 

Que*.  How  may  two  or  more  alternators  be  started 
imltaneously? 

Ans.  After  bringing  each  of  them  up  to  its  proper  speed  so 
to  obtain  equal  frequencies,  the  main  switches  may  be  closed. 
ereby  joining  their  armature  circuits  in  parallel.  As  yet. 
urever,  their  respective  field  windings  have  not  been  supplied 
th  current,  so  that  no  harm  can  result  in  doing  this.  The 
titers  of  these  machines  after  being  joined  in  parallel,  should 
en  be  made  to  send  direct  current  simultaneously  through  the 
Id  windings  of  the  alternators,  and  from  this  stage  on  the 
lections  previously  given  may  be  followed  in  detail. 

Ones.  What  are  the  conditions  when  two  or  more  alter - 
Mors  are  directly  connected  together? 

Ans.  If  rigidly  connected  together,  or  directly  connected  to 
t  same  engine,  they  must  necessarily  run  in  the  same  manner 
i  all  times. 

When  machines  connected  in  this  way  are  once  properly  adjusted  so 
that  they  are  in  phase  with  each  other,  their  operation  in  j>arallcl  is  even 
a  simpler  task  than  when  they  are  all  started  together  but  arc  not 
directly  connected. 

Ques.  When  an  alternator  is  driven  by  a  gas  engine, 
feat  provision  is  sometimes  made  to  insure  successful 
ieration  in  parallel  ? 

Ans.    An  amortisseur  winding  is  provided  \.o  CRaxT&fcTfcEX.  >5as^ 
1ency  to  "hunting. " 


I 
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MUMBLE  0Y3TEM 

COIL  A  fASTENED 
RIGIDLY  TO  COIL  t 
ATANAN6LE  OF 

to: 


Pre.  2348.— Diunm  of  Lira 

WU   _i'th£   ii    ■  mil    A 


.., ,*  tw*.    It  ...  .. 

between  A  and  P  is  90'. 

to  P.  because  the  [orce  t. 

mum;  similarly  wli.-n  Tile  ilifTcrfr;!  r.  m  [>h;iss  In'twwn  n 
F.     That  15.  besinninB  with  a  phase  diffidence  between 
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nent  will  exactly  represent  tl 
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connected  with  buubng  posls.  The  c™!s  A  and  B  ate  windings  pi 
laminated  iron  armature  pv-iAiA  Ww«&^vh»trtthcm»gatt. 
joined,  and  a  tspftom  Ae  iur,rtvm  is  \>icraiw.  bA,"^™*^*^ 

K'\rzl^tr^^u ....  . . ... 
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Ones.    What  Is  the  action  of  the  amortisseur  winding? 

Ans.  Any  sudden  change  in  the  speed  of  the  field,  generates 
a  current  in  the  amortisseur  winding  which  resists  the  change  of 
velocity  that  caused  the  current. 

The  appearance  of  an  amortisseur  winding  is  shown  in  the  cut  below 
[fig.  2,850)  illustrating  the  field  of  a  synchron 
with  amortisseur  winding. 


nriem  and  the  angular  displacement  t 
Copper  short  circuited  collars  placed  ai 
by  ihii  ahifting  flux,  which  have  such  i 
any  change  in  the  lelativc  position  of 

further  developed  until  m  its  beat  fonr 


Ques.     How  are  three  phase  alternators  synchronized? 

Ans.     In  a  manner  similar  to  the  single  phase  method. 

Thus  the  synchronizing  lamps  may  be  arranged  as  in  fig.  2,581,  which 
is  simply  an  extension  of  the  single  phase  method. 

Ques.    Are  three  lamps  necessary? 

Arts.     Only  to  insure  that  the  connections  axe.  ^to^R*^  Wft 
*er  which  one  lamp  is  all  that  is  required. 
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Queg.  How  Is  It  known  that  the  connections  of  fig. 
2,851  are  correct? 

Ans.  If,  in  operation,  the  three  lamps  become  bright  or  dark 
simultaneously,  the  connections  are  correct;  if,  this  action  tak< 
place  successively,  the  connections  are  wrong. 

i  machine  until  simultaiwou' 


Fig.  2351— Method, of 


7  three  phase  alternators  with,  three  lamps.  b™i 


Ques.    What  Is  the  disadvantage  of  the  lamp  methc 
of  synchronizing? 

Ans.     Lack  of  sensitiveness. 

Ques.     Which  is  tt«  »cc*^t«A  Y&xhq  method,  dark  < 
brilliant? 
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for  a  dark  lamp  at  synchronism,  while  in  England  the  opposite 
practice  obtains. 

With  the  dark  lamp  method,  the  breaking  of  a  filament  might  cause 
the  machines  to  be  connected  with  a  great  phase  difference,  whereas, 
with  the  brilliant  lamp  it  is  difficult  to  determine  the  point  of  maximum 
brilliancy.    This  latter  method,  therefore  may  be  called  the  safer. 

Ques.  What  may  be  used  in  place  of  lamps  for  syn- 
chronizing? 

Ans.     Some  form  of  synchroscopes,  or  synchronizers. 

Ques.    How  does  the  Lincoln  synchronizer  work? 

Ans.  The  construction  is  such  that  a  hand  moves  around  a 
dial  so  that  the  angle  between  the  hand  and  the  vertical  is  always 
the  phase  angle  between  the  two  sources  of  electric  pressure  to 
which  the  synchronizer  is  connected. 

If  the  incoming  alternator  be  running  too  slow,  the  hand  deflects  in 
one  direction,  if  too  fast,  in  the  other  direction.  When  the  hand  shows 
no  deflection,  that  is,  when  it  stands  vertical,  the  machines  are  in  phase. 
A  complete  revolution  of  the  hand  indicates  a  gain  or  loss  of  one  cycle 
in  the  frequency  of  the  incoming  machine,  as  referred  to  the  bus  bars. 


Cutting  Out  Alternator. — When  it  is  desired  to  cut  out  of 
circuit  an  alternator  running  in  parallel  with  others,  the  method 
of  procedure  is  as  follows: 

1.  Reduce  driving  power  until  the  load  has  been  transferred 

to  the  other  alternators,  adjusting  field  rheostat  to  obtain 
minimum  current; 

2.  Open  main  switch; 

3.  Open  field  switch. 

Ques. ,  What  precaution  should  be  takecrt 

Ane.     Never  open  Geld  switch  before  mam  sw\V&. 
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Ques.    What  is  the  ordinary  method  of  cutting  out  an 
fternator? 

Ans.     The  main  switch  is  usually  opened  without  any  pre- 
ninaries. 

Ques.    What  is  the  objection  to  this  procedure? 

Ans.     It  suddenly  throws  all  the  load  on  the  other  alternators, 
id  causes  "hunting." 

Ques.    What  forms  of  drive  are  especially  desirable  for 
inning  alternators  in  parallel,  and  why? 

Ans.     Water  turbine  or  steam  turbine  because  of  the  uniform 
rque,  thus  giving  uniform  motion  of  rotation. 


With  reciprocating  engines,  the  crank  effect  is  very  variable  during 
the  revolution,  resulting  in  pulsations  driving  the  alternator  too  fast  ot 
too  slow,  and  causing  cross  current  between  the  alternators. 

Ques.    Is  a  sluggish,  or  a  too  sensitive  governor  pref- 
able  on  an  engine  driving  alternators  in  parallel? 

Ans.     A  sluggish  governor. 


Alternators  in  Series. — Alternators  are  seldom  if  ever  con- 
certed in  series,  for  the  reason  that  the  synchronizing  tendency 
culiar  to  these  machines  causes  them  to  oppose  each  other  and 
D  out  of  phase  when  they  are  joined  together  in  this  way.  If, 
>wever,  they  be  directly  connected  to  each  other,  or  to  an 
igine,  so  that  they  necessarily  keep  in  phase  at  all  times,  and 

NOTE. — According  to  the  practice  of  the  General  Electric  Co.,  2ty  degrees  of  phase 
erence  from  a  mean  is  the  limit  allowable  in  ordinary  cases.  It  will,  in  certain  cases,  be 
able  to  operate  satisfactorily  in  parallel,  or  to  run  synchronous  apparatus  from  machines 
ose  angular  variation  exceeds  this  amount,  and  in  other  cases  it  will  be  easy  and  desirable 
obtain  a  better  speed  control.  The  2  H  degree  limit  is  intended  to  imply  that  the  maximum 
urtnra  from  the  mean  position  during  any  revolution  sha\\  not  ei&£eaAY}V$ft  dw^w^A 
'*'"*  totoo  poles  of  a  machine.    The  angle  ot  circumlerccicfe  "*iYaOa.  cnRMsymfea  \» 


L£*£*.°£f*1*  vamtioa  can  be  ascertained  by  dmdVna  VA  Y*  YiNfc*  1BBa2555,^ 
^Zi/iiJZ 'poijfflacaine,  the  allowable  angular  variation, tcom.  *»  wav-*****^ 
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thus  add  their  respective  voltages  instead  of  counteracting  t 
series  operation  is  possible. 

close  mm  switch  while  sntGHrowiii*  lamps  me  out 


Jillmialurs.      ..     . 

[urtlv  »i*"r.iU'ly  **nUi!.  iliv  umum 
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jiI(l-iil;l"...[-  A  i-l  o  .iiiu'Ud  to  thf  Uus  bjrs 
in. .kc  it  n<viw.-iry  i<i  mtrraltiiv  i!;i:  alUirna 
stanriiiM  ].|.-iirt  l.,v  Jin  l-s,-:-.f;-.  ;i::  1  tlitn  t-lio  double  plug 


'5tP*SATELY  EXCITED  fit 

the  „ri, 


llMr:  t:;,n.[Vi:uir(  T  im,l  T'  w 
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■  i.  the  synchr-in 
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ii  .ri.i   !'....  .1  ..I  lli...  ii. -it  iiltiT-i.it.irr-.ii'al.i-  o  ■iitr-  .lied  in  suvh  n  manner  thut  the  bi 

v.i;i:i,ti<,l  i..r;i  rl...,...J,r!  l  - .  i. .  -  v.,1  of  '.line.      Th-.  f  v  i.  i  i  l ..-  t-J .  •  ii  of  Hie  light  ii  due  to  th. 

ir,-|ri.vol"  111'.-  Svi  ■  i  >::■■  !;ivv  un.iv'.-.'.,  ;■,!•.■■  Uv.;U.':i'..i-a  I':.-!  tti.;  nlti-rvi.ilova  rut:  in  sti-p.    Tin 

-■.  —  Ii .  iL_      .!._         .!.__.    _ .V._..     .> V 1 !..,U_       mltiOtl.    ■ 


.:s  sfjf^jri  d.i    i     i  ...    - 

".inations  ol  :<xul  witt  aflt 
ralld,  th. 


.  l.-if  in  jiiir^lU:'..  trie  SWV..UT     ;-•  ~"-.^ 
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. —  -nest.    v±  l  vrnoii,   an  srnink   ir.  mnsr.-no- 

The  ifiasnTT-  a:  l  ttmt^i 'rang: .  ina:.  t>  iru  rar.v  Sorvwr 
fcE  I:iaf  primary  mic  iuL  ioac  sfcrnnaa-y  ir  frrpmre;;  vhrr.  rhr 
load  cc  Ti  is  ku'jl  tiiu:  ~m  sun.  ±  im  ^nrsiaTi-  Losses  f»oufcl>  ; -he- 
ns: of  the  vanariit  i^sse:-. 

3s.  peiitim.  "rransi'iruiifig  uesipnr-;.  ir  nipt  rrftciur.rvir*  mv.  Ihrjyr 
don:m^i  a't  ni:rrt  erhcunr.  tnm  tn:»f  :i:tsipnfi  ?;»:  t;»v  :-Pinwn.*i«>  nr>(\ 
srzihll  ^Kiu^TLitii.  .*u  l  v*;:  ji*.  n»v.r*'jr  l  zrurt>i  rnw:  lei.  "rs  Ni>;  1:.;U- 
to  ":»£■  iesiri-i.  ai  Ttipu- :ir  eft i sin i ,:  l  niOiH  fl(  r*vir  :  ^rN'.."^-.:  «-»;" 
50  i£"i :»wii7t5  'jin ia;:rrv  l r  tti : rt  : » . t?sj ?sv^  nr  rffuTu-n.-n  ; »:  h , » r •  v.v r^N »\ 
ft%  ii«r  ;ssn„  L.t  rul  imii  inn  m  •jffir.ii'.nr'    .1:  ^rot:  £7  .«•■  .v»r ;    *;  huf: 


Que*.  How  should  a  transformer  be  $ekct«d,  with  in- 
spect to  efficiency? 

Ans.  One  sbcr^d  "r*  c-busKT.  ■n'h.ist-  twjr;*  &rc  s^  pr^vA^  ^xnrsl 
that  the  pidm  of  rriitirr-zTr.  trvrii-^ry  ixvurs  a:  *hs:  i%\a»*.  xxhvh 
the  transf aimer  usually  carries  tr.  sctvky. 

In  many  alTeTr^tin£  czrrer.i  \7*>:3l\*n. <v^  *\vv -,>!%:■*  J  ;\v-*\  V^M  l,wU 
are  carritri  the  greater  iij»r:  •:■:  t":-e  titre,  the  r.*:oo.  iw'*\  Vv*.;  oi  a-a  owr 
load  being  occurred, oe>  ■;■:  short  ctv-ratv-ns.  F»t  sr.oh  ^u;^\wov  v^s>.^ 
attention  should  l»e  given  t„~-  the  dcK^riir.j;  or  so"tv?:ni5  ot  tiAi^toitivn 
having  low  core  kisses  rather  than  low  rests  tAtwv  loaves.  KvatiMi*  \\w 
latter  are  then  of  relatively  small  importance. 

Ques.  What  kind  of  efficiency  is  the  station  tnutiii||or 
Interested  in? 


Ans.     The  "all  dav  efliciencv. 


»» 


This  expression,  as  commonly  met  with  in  pructici',  «1»m»h(i"i  ih?  tot 

centage  that  the  amount  of  energy  a<f wu{/ v  «Nnl  hv  \\m  \w*m\m\v\  nn  A  W* 

total  energy  supplied  to  his  tra n s former  during  xi\  V«wn.    "^\w  V\\\\nvN* 

for  calculating  the  all  day  cfliciency  ul  u  \tuxx*\iax\\w  w\nw*A  ^y^^ 

apposition  that  the  amount  of  cnirr^y  x\^A  \^  VW  v"\\*x\w*  ANVN 
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r  —  the  resistance  loss  in  watts. 
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Ques.    What  are  the  usual  all  day  efficiencies? 

Ans.  The  average  is  about  85  per  cent,  for  those  of  1  kilowatl 
capacity,  92  per  cent,  for  those  of  5  kilowatts  capacity,  94  pei 
cent,  for  those  of  10  kilowatts  capacity,  and  about  94.5  per  cent 
for  those  of  15  kilowatts  capacity. 
Ques.  What  becomes  of  the  energy  lost  by  a  trans- 
former? 
Ans.     It  reappears  as  Taeafc  'm  ^  Wmflos^  «s&  «*^. 


i049 


kisses,  but  in 


addition 
tensified  by  the 

After  aboat  two  years'  __  

or  tired,  and  this  phenomenon  is  called 
of  the  transformer  depends  to  a  great 
ditions  responsible  for  its  **!<*****>  should  _ 
Means  must  therefore  be  provided  in  the 
heat  as  quickly  as  it  is  generated. 


going  on  within  it. 


apparently  becomes  fatigued 
ofthexron.  Since  the  life 
upon  this  factor,  the  con- 
far  as  possible  be  removed. 

construction  to  radiate  the 


Ques.    What  kind  of  oil  is  used 
formers? 

Ans.     Mineral  oiL 


in  oil  cooled  trans- 


! 


ILz/t'-J  Ls  x>  v 


i 


AIR    CHAMBER 
fah  &S55. — General  arrangement  of  air  blast  transformera  and  blowers. 

Ques.    How  is  it  obtained? 

Ans.     By  fractional    distillations  of  petroleum  unmixed  with 
•ny  other  substances  and  without  subsequent  chemical  treatment. 

Ques.    What  is  the  important  requirement  for  trans- 
former oil? 

Ans.     It  should  be  free  from  moisture,  acid,  alkali  or  sulphur 
compounds. 

Ones.    How  may  the  presence  of  moisture  be  deter- 
mined? 

Ans.    By  thrusting  a  red  hot  iron  rod  in  \3ae  cil-%  M  VOv  ctv^' 
'XBsture  is  present. 
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Ques.    Describe  the  Westinghouse  method  of  dryinft oil- 

Ans.  It  is  circulated  through  a  tank  containing  lime,  and 
afterwards,  through  a  dry  sand  filter. 

Ques.  What  is  the  objection  to  heating  the  oil  (raising 
its  temperature  slightly  above  boiling  point  of  wate! 
to  remove  the  moisture? 

Ans.     The  time  consumed  (several  days)  is  excessive. 


I'll..  I'XJ'i.—  Small  CuMii  tuthii 


tWm..„is!i:1ftw,d 
sites  (7fl  k».  ihkI 
the  main  »hal t  urn 
admitting  the  Btci 


It  cEintc ™ 

twrrl^rinl  sl'.'tl  fru-e  waihera  located  al 

for  centering  the  rotor  so  aa  to  equalise  the  c 

i.lcd   (in  the  sirialk-r  M.:i"i)  '  uuloliUly  housed,  jt 

J.     1 1  ui  mt  mis  a  liiil.uifed  tio|j[iet  v..!vv  l!;™v:i  ,-,  1*11  crunlr.    IntlwlM 


I  of  the  first  stage  in 


mil.    The  spet.lt  <A  op 

I,  (F'-M.  (mt  ll.e  largest.    Tt. 

iok,i(!e  ivriLTc  the  shaft  p:eues  tJlpawtl  ■■ 


Ques.     What  effect  has  moisture? 

Ans.  It  reduces  the  insulation  value  of  the  oil.  .06  per  cent. 
of  moisture  has  been  found  to  reduce  the  dielectric  strength  of 
oil  about  50  per  cent,  "fey  «&.  ,*Hk  -*r£&96ax«\  a.  ^s>Ksire  d 
25,000  volts  between  two\(V4Vnai^w*»«*"*»*-  ?&Vai&- 
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Ques.    What  is  understood  by  transformer  regulation 

Axis.  It  is  the  difference  between  the  secondary  voltage  ; 
to  load  and  at  full  load,  and  is  generally  expressed  as  a  pei 
entage  of  the  secondary  voltage  at  no  load. 

Ques.    What  governs  Its  value? 

Ans.     The  resistance  and  reactance  of  the  windings. 


Tn.  XgST. — Cut  off  coupling  (or  power  tnnuninon  by  line  shafting. 

taring  ihtft  from  a  driven  shaft,     lu  u«  obviates  the  use  of  a  quilt,    sucn  u  u  anown  in 

M.Mo* 

Ques.    How  may  the  regulation  be  improved? 

Ans.  By  decreasing  the  resistances  of  the  windings  by  em- 
faying  conductors  of  greater  cross  section,  or  decreasing  their 
Ktaiice  by  dividing  the  coils  into  sections  and  closely  inter- 
ring those  of  the  primary  between  those  of  the  secondary. 

NOTE. — The  lorn  ■rtiulatlan"  u  here  used  is  synonymous  with  "drop."    The  taltatt 
seiner  with  load.     This  drop 
n  qoadraturo,  produces  but 


ve  load,  tbe  reactive  drop, 
the  voltage  drop  of  a  good 


tance  drop  can  be  fo 
calculated!     Prom    I 

deduced  from  the  ve 
dnp:X-%tetcti\ 


■e  fall 


y  by  means  of  , 


then 


:tivc  drop 
ah  foi  all 


■  impedenee  voltage,  the  n 

(ordiagram.  D  =  ,<« ~+XV»  +  '*.  VS*S*  -  V» -">«Y» 
J  drop;  P  -  %  power  (actor  of  \oa4-.  'M  -  °7o  -*&&*»  ™ 
nCtecoodary  drop.  For  non-ra&uct\ve.\<iaj&a^i^s**V  — 
■too.    In  the  caw  ol  leading  cuneaUVt.  6»oJiVsfcr 
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In  transformers  where  there  is  a  great  difference  in  voltage  t 
the  primary  and  secondary  windings,  however,  this  remedy 
limitations  on  account  of  the  great  amount  of  insulation  whic 
necessarily  be  used  between  the  windings,  and  which  therefore 
the  distances  between  them  to  become  such  as  to  cause  cons 
leakage  of  the  lines  of  force. 


Ques.    How   does    the    regulation    vary   for    difl 
transformers,  and  what  should  be  the  limit? 

Ans.     Those  of  large  capacity  usually  have  a  better  regi 


r: 


S ;  kx  $ 


^MZ 


Fig.  Z.858.— Quill  drive.    T 
by  indepraidentMarmg 


I  19  the  proper  tl 
llcys.  sheaves,  pet 


■Jrtfrtc!    It  S  a  hollow  lb 
t  miming  through  the  qu 


ch.    When  the  clutch  la  thrown  out  the  pulley  or  iheavc  stand 
ear.    jaw  clutches  should  be  used  for  drives  demanding  posilh 


than  those  of  small  capacity,  but  in  no  case  should  its  vai 
ceed  2  per  cent. 

Ques.    What  advantages  have  shell  type  transfo 
over  those  of  the  core  type? 

Ans.  They  have  a  W^ct  ■pto^atfanfa.  «&  wst  ^BAaKe  e: 
for  radiation  of  heat,  and-  a.  &wrt«  -EoasgBsiOaraaB-jfc.^ 
duces  the  tendency  tot  »VB*BV*^«»*ta~* 
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Both  types  have  advantages  and  disadvantages  as  compared  with 
the  other.  In  the  shell  type,  there  is  less  magnetic  leakage,  but  also  less 
surface  exposed  for  radiation,  and  greater  difficulty  in  providing  efficient 
insulation  between  the  two  circuits;  in  the  core  type  there  is  more  sur- 
face exposed  for  radiation  and  less  difficulty  in  insulating  the  windings, 
but  there  is  also  a  great  leakage  of  the  lines  of  magnetic  force  into  the 
outer  air. 

Ques.    How  are  the  windings  usually  arranged  ? 

Ans.  As  a  rule,  there  is  only  one  primary  winding  but  the 
scondary  winding  is  generally  divided  into  two  equal  sections, 
le  four  terminals  of  which  are  permanently  wired  to  four  con- 
ection  blocks  which  may  be  connected  so  as  to  throw  the 
econdary  sections  either  in  parallel  or  in  series  with  each  other 
twill. 

Ques.  What  is  necessary  for  satisfactory  operation  of 
ransformers  in  parallel? 

Ans.  They  must  be  designed  for  the  same  pressures  and 
apacities,  their  percentages  of  regulation  should  be  the  same 
od  they  must  have  the  same  polarity  at  a  given  instant. 

One  may  satisfy  himself  as  to  the  first  of  these  conditions  by  ex- 
amining the  name  plates  fastened  to  the  transformers,  whereon  are 
stamped  the  values  of  the  respective  pressures  and  capacities  of  each. 

Although  equal  values  of  regulation  is  given  as  one  of  the  conditions  to 
be  satisfied,  transformers  may  be  operated  in  parallel  when  their  per- 
centages of  regulation  are  not  the  same.  Ideal  operation,  however, 
can  be  attained  only  under  the  former  state  of  affairs.  Suppose,  for 
instance,  a  transformer  having  a  regulation  of  two  per  cent,  be  operated 
in  parallel  with  another  of  similar  size  and  design  but  having  a  regu- 
lation of  one  per  cent.  The  secondary  pressures  of  these  transformers 
at  no  load  will  of  course  be  the  same,  but  at  full  load  if  the  secondary 
pressure  of  the  one  be  98  volts,  that  of  the  other  will  be  99  volts. 
TTiere  will,  therefore,  be  a  difference  of  pressure  of  one  volt  between 
them  which  will  tend  to  force  a  current  backward  through  the  secondary 
winding  of  the  transformer  delivering  98  volts.  TYa&  TOJ«re*k  oax\«cfc.% 
although  comparatively  small  in  value,  V>wet%  \3tvfc  <&<cueEK?j   <&  «0wt 

installation  by  causing  a  displacement  di  pYiase  aa&  ^  ^wcc^asfc  >el  *0c 

combined  power  factor  of  the  tra^cfrnTTVfffm 
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Ques.    Describe  the  polarity  test. 

Ans.  The  test  for  polarity  consists  in  joining  tof 
means  of  a  fuse  wire,  a  terminal  of  the  secondary  w 
each  transformer,  and  then  with  the  primary  winding! 
with  normal  voltage,  connecting  temporarily  the  i 
terminals  of  the  secondary  windings.  The  melting  ol 
wire  thus  connected  indicates  that  the  secondary 
joined  together  are  of  opposite  polarities,  and  that  the  cc 


ihc  cnnml  dividi 


must  therefore  be  reversed,  whereas  if  the  fuse  wire  do 
it  shows  that  the  proper  terminals  have  been  joined 
the  connections  may  be  made  permanent. 

Tim  object  <&  thh  **  *>.  *£S^^^*£S§ 
polarity  of  each  Mwrim  WwA.^-"*'^- 
them  are  of  the  same  \diatei- 


MANAGEMENT 


Motor  Generators. — In  motor  generator  wis,  eitlu-r  iln- 
jnt  or  series  wound  type  of  motor  may  l>c  ciiijjnyitl  til.  llii< 
wer  producing  end  of  the  set,  but  the  Held  nl  tin-  wiit'iulur 
either  shunt  or  compound  wound,  dqn*[idinn  ii|hhi  wIicI.Iiit 
not  it  is  desired  to  maintain  or  to  raise  tin;  wcnmljn  y  villus 
ar  full  load.    In  either  case  a  rheostat  introdmi-d  in  Um-  i.lnint 


2,056 


HAWKINS  ELECTRICITY 


this  means  ample  space  surrounds  all  of  the  working  parts,  and  I 
repairs  can  readily  be  made. 

Motor  generators  are  frequently  used  as  boosters  to  rase  01 
boost  the  voltage  near  the  extremities  of  long  distance,  diiwtl 
current  transmission  lines.    Of  these,  electric  railway  systems  in 
which  it  is  desired  to  extend  certain  of  the  longer  lines,  £or»  *] 
typical  example. 


Owing  to  the  great  cost  of  changing  such  a  system  over  I 
;  employing  alternating  current,  or  storage  batteries,  or  ol 
constructing  an  additional  power  station,  these  solutions  of  t& 
problem  are  usually  at  variance  with  good  judgment  and  tl 
amount  of  money  at  baud.  The  choice  then  remains  betwe 
the  purchase  of  adoirtkmaX  "w\i«-  tot  iwAm,  ^  <33cafi**Ssrti  d 
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)oster  in  the  old  feeders,  or  the  installation  of  both  larger 
eders  and  a  booster.  Of  these,  it  is  generally  found  that  either 
le  second  or  the  third  mentioned  alternative  meets  the  con- 
tions  most  satisfactorily. 

A  booster  installed  in  a  railway  system  for  the  purpose  just  men- 
tioned, would  have  a  series  wound  motor,  and  the  conditions  to  which 
it  must  conform  would  be  as  follows:  The  motor  having  a  series  winding 
must  provide  for  the  full  feeder  current  passing  through  both  armature 
and  field  windings. 

Owing  to  the  varying  loads  on  a  railway  system,  due  to  the  frequent 
Starting  and  stopping  of  cars,  the  feeder  current  varies  between  zero 
and  some  such  value  as  150  amperes.  This  fluctuation  of  current  through 
the  field  winding  will,  in  ordinary  cases,  vary  the  magnetization  of  the 
pole  pieces  from  zero  almost  to  the  point  of  saturation ;  that  is,  the  maxi- 
mum feeder  current  will  so  nearly  fill  the  magnet  cores  with  lines  of 
force  that  it  would  be  quite  difficult  to  cause  more  lines  of  magnetic 
force  to  pass  through  them. 

So  long  as  the  point  of  saturation  is  not  reached,  however,  the  pro- 
portion of  current  to  field  strength  remains  constant,  and  therefore  the 
ratio  of  amperes  to  volts  will  not  vary. 

The  severe  fluctuations  of  the  feeder  current  would,  if  the  motor  were 
shunt  or  compound  wound,  cause  most  serious  sparking  and  various 
other  troubles,  but  in  a  series  motor  where  the  back  ampere  turns  on  the 
armature  that  react  on  the  field  vary  in  precisely  the  same  proportion 
as  the  ampere  turns  in  the  field,  there  exists  at  all  times  a  tendency  to 
balance  the  active  forces  and  produce  satisfactory  oj>cration.  If,  how- 
ever, the  field  magnet  cores  be  very  large,  they  cannot  so  quickly  resjx>nd, 
magnetically,  to  changes  in  the  strength  of  the  current,  and  there  is 
then  greater  liability  of  the  armature  reaction  momentarily  weakening 
the  field  and  thereby  producing  temporary  sparking. 

Ques.  Are  motor  generators  always  composed  of 
Irect  current  sets? 

Ans.     No. 

Ques.  Describe  conditions  requiring  a  different  com- 
ination. 

Ans.     For  purposes  where  for  instance  direct  c&xwc&&  v^^n&s^ 
Serent  voltages  are  to  be  obtained  irom  atv  ^tcTa^N^^^0^^1 
?w't,  and  it  is  desired  to  install  but  one  set,  fc.  tc\o\ot  ^gsos»a 
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consisting  of  an  alternating  current  motor  such  as  an  induction 
motor,  and  a  dynamo  must  necessarily  be  employed. 

In  such  sets,  it  is  common  to  find  both  motor  and  dynamo  armatures 
mounted  on  a  common  shaft,  and  the  respective  field  frames  rating  on 
a  single  base,  although  for  connection  on  a  very  high  pressire  alter- 
nating current  circuit,  separate  armature  shafts  insulated  frjm  each 
other  but  directly  connected  together,  and  separate  bases  resting  on  a 
single  foundation,  are  usually  employed  to  afford  the  highest  degree  of 
insulation  between  the  respective  circuits  of  the  two  machines. 

Ques.  What  is  the  objection  to  a  set  composed  of 
alternating  current  motor  and  alternator? 

Ans.  The  commercial  field  that  would  be  naturally  covered 
by  such  a  set  is  better  supplied  by  a  transformer. 

Ques.    Why? 

Ans.  Because  a  transformer  contains  no  moving  parts,  and 
is  therefore  simpler  in  construction,  cheaper  in  price,  and  less 
liable  to  get  out  of  order. 


Dynamotors.-  A  dynamotor  differs  from  a  motor  generator 
in  that,  the  motor  armature  and  the  generator  armature  arc 
combined  into  one,  thereby  requiring  but  one  field  frame 
Since  the  motor  and  generator  armature  windings  are  mounted 
on  a  single  core,  the  armature  reaction  due  to  the  one  winding 
is  neutralized  by  the  reaction  caused  by  the  other  winding.  There 
is,  consequently,  little  or  no  tendency  for  sparking  to  occur  at 
the  brushes,  and  they  therefore  need  not  be  shifted  on  this 
account  for  different  loads. 

Ques.    How  is  a  dynamotor  usually  constructed? 

-Ans.     It  is  usually  V>u\\\,  \n\v\\  X\n^>  v^  ^R*^^os&1\  are  shunt 
wound. 
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Ques.    Why  does  the  voltage  developed  fall  off  slightly 
■nder  an  increase  of  load? 

Ans.     Because  a  compound  winding  cannot  be  provided. 
Ques.    Describe     the     armature     construction     and 
operation. 

Ans.     It  consists  of  two  separate  windings;   one  of  which  is 


oined  to  a  commutator  mounted  on  one  side  of  the  armature 
Or  motor   purposes,   and   the   other   to  the   commMXa^Krt    ■=«*. 
he  other  side  of  the  armature  for   generator.   •pirVCfiRS" 

By  means  of  two  studs  r.f  brushes  pressing  on  fee  WW*  WW™** 
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current  from  the  service  'vires  is  fed  into  the  winding  connected 
this  commutator,  and  since  the  shunt  field  winding  is  also  excit 
by  the  current  from  the  service  wires,  there  is  developed  in  the  general 
winding  on  the  rotating  armature  a  direct  voltage  which  is  pi 
portioned  to  the  speed  of  rotation  of  the  armature  in  revolutions  { 


Fins.  2.HB4  to"2.Sin;.— Converter  cunntctiom:  fiji,  2.S04  duuble  delta  connection;  ft*.  2„Sii5  J 
metrical  cimieclion.  fi;.  ::.'•'■ '.  tiv,  null  si«i;1i-  phase  eonr.e.-tiun.  For  six  phase  synch 
iii.im  converter,  two  rfiftYn  lit   arrangement*  <>i  tin   .-.jiiiin  [■  his  are  neutrally  used.    Ont 

Lrwnf  the  miivcrtcr  LwVeurX-rrei'l  in- a  im-lc  n*  in  fins.  i.WMaad  SJHW.  and  let  the, 
equidistant  point*  on  the  cii;-.:ni^iTnce  represent  cii'leetor  rinits.  then  the  secondary 
the  supple  tr:msf')i  .m.-is  ran  l.e  ,  .  .niuil.cf!  (■>  1  lis.-  roJ'cclur  rintis  in  a  i/mWt  <Mlii  as 
fu.  ZJ*ft,  or  rwnsd  diametrical  pain  ■■■(  pMtiter  w  in  f«.  2.W15.  In  the  first  hutn 
thu-  v<i'.t;',w  :  ..■  in  !■;  the  i:une  us  f:,r  t.lu-  Hin-i-  iihasi!  synchronous  converter  Mill  simp 
pijniiisti  lit  two  Hutu  lyituraa,  The  traoifmmora  can  also  l>c  connected  in  doable  tu 
«r  the  ratio  lietwcin  the  three  phase  voltage  be" 


.  and    the   direct   mltuue  will  lie   the  same  OS  for  double  delta,  i 
'"  for  the  two^rin' 


:il{e  i.f    each    transformer    mil.  cir    v-lt;i.;e    to  neutral,   in    1  -1-  V3  times  as  much.     Wi: 


Ki=  v,itK+2Vi-.<iL-'K.      Si*  phase   diametrical,  Et-E+Vit-..    -_ — .  - 

tva:  rv.ii.,:  v:,:u,j;i.-  Hu  Ia1.v.-.i]  any  cu'Ieclor  ring  and  the  neutral  point  is  alw) 
Eo~K  s-i>  \1-:.\;,\K.  l-'.jr  sin,:lc  phase  synchronous  converters,  mrisistinff  of  a  dim 
.ireuil.  aiir.a'.uri:  wir.iiiiiij  tapped  at  twu  equidistant  poinU  to  the  two  collector  rinji 
the  virlu  ,1  .-.  .l:.i,r\-  i-  1  :  \'^  X'lie  direet  current  voltage.  While  such  an  arronRCrncnt  d 
the  :i::.e'.e  ,:!i  i-.e  i-'-.ivrle.r  i-  the  simplest,  requiring  only  two  collector  rinifs.  it  is  uodf 
.sirn!.:.-,  r.iviuSv  '-■  >i  laijie:  iii.ie!:L::-. ■;.  (in  acc.jiint  of  eiccssiec  healing  of  the  amnion 
conductors.  In  lii;.  J,*'i'l.  which  represents  the  armature  winding  of  a  single  phascem- 
vertcr,  the  miqiH-  .  ireuits  fr.ni  twu  .en.ndariea  of  the  step  down  transformers  are  cm- 
nuclei  1  m  (..nr  c.ll.-i  i t  rim!;,  ;,  .  that  the  hv.i  rin.-niti  are  in  phase  with  each  othrr,  but 
trull  spread,  over  an  arc  lif   11M  i-lustril  .1   ueKTOri  instead  of  over  180  degrees  as  in  the 


cut.  bW  v:i  ?3  Vi -*-tii3E. 

Stsund,  the  tiumder  uf  coiiiliicUirs  in  scries  which  constitute  the  gen- 
i-ralur  winding,  atv\  l\\e  ti>vA  «Slt.ca\vj,W\  v<C  iA\e  field  in  which  the  armature 
rt'\'(>!\'o-i  Tltf,  tin  ---.'.u  12  imusv*  evetwwv  \s>  v>sa>  ■Cmckis&j,  ■owe  surnsratof 
Windill-'imil  lite,  dvanUVVrnft  W^W-  •kV.w  **  S%\a%se&vs(,  casss-N 
whKhrhi.«indmKv,t.M^^^««^^^«-5r*^«^ 
brushes,  etc.,  is  c\ose»i. 
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Ques.    How  is  a  dynamotor  started? 

\  Arts.     It  is  connected  at  its  motor  end  and  started  in  the 
•  manner  as  any  shunt  wound  motor  on  a  constant  pressure 


What  precautions  should  be  taken  In  starting  a 
nr? 

The   necessary    precautions    are,    to    have   the   poles 

magnetized  before  passing  current  through  the  motor 

:  nn  the  armature;    to  increase  gradually  the  current 

[  this  winding,  and  not  to  close  the  generating  circuit 

I  conditions  regarding  speed,  etc.,  are  established 

E  motor  circuit, 

•a.    How  is  the  current  developed  In  the  machine 
lated? 

I  Ans.     It  can  be  regulated  by  the  introduction  of  resistance 
e  or  the  other  of  the  armature  circuits,  or  by  a  shifting  of 
•  brushes  around  the  commutator. 
Ques.    Are  dynamotors  less  efficient  than  motor  gen- 

I  of  a  similar  type? 
Ans.     No,  they  are  more  efficient. 
Ques.    Why? 

Ans.     Because  they  have  only  one  field  circuit  and  at  least 
**e  bearing  less  than  a  motor  generator. 


Rotary    Converters.— An    important   ■mcA\Svca.'C\a&.  <&  "<**■ 
'ynamotor  is  the  rotary  converter.     T\ns  TftacMma  Vcama,  »*■* 
me,  a  link  between   alternating    and  direct  wrow*.  «j*«» 
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ring  in  general  a  combination  of  an  alternating  current  motor 
ad  a  dvnamo. 

It  has  practically  become  a  fixture  in  all  large  electric:  railway 
ystems  and  in  other  installations  where  heavy  «lirect  mirrenta 
A  constant  pressure  are  required  at  a  <:om:ifleraijli:  'lii.t.inee 
rora  the  generating  plant.  In  such  cases  a  rotary  «:otr'«Tt.<T  in 
nstalled  in  the  sub-station,  and  being  simpler  n  ':on..:.nn:U«m, 
higher  in  efficiency,  more  economical  of  floor  ipacc,  .mil  lower 
in  price  than  a  motor  generator  set  consisting  of  an  .ilt.rrnai.ing 
current  motor  and  a  dynamo  which  might.  I*:  n:.«-il  in  it..;  place, 
it  has  almost  entirely  superseded  the  lai.r.er  mm  hint:  \\,r  the 
class  of  work  mentioned. 

Ques.  What  is  the  objection  to  the  Hinftle  phas**  rorary 
converter? 

Ans.     It  is  not  self-starting. 

Ques.  What  feature  of  operation  is  inherent  in  a 
rotary  converter? 

Ans.     A  rotary  converter  :..   t  "r-"  •-r  .u/w.  :n;u  rnxit- 

That  is  to  say.  :f  :r  "^  .u:.r.i:«"i  .v.!...  :;:-■■•  •  :;r;vrr  ■•?  !.f  -•riiimr 
voltage  ar  its orimmiit.tr" if  -r.1:.  •  v:i!  -in  i.-*  i  :■.:■■-'  ■i;t--":i". -:n.fi.r  uui 
■ieiiv^r  altematinsj -"srrr-n:  ■•«  '.:•  .  .M'-f.-r  ■-.:;.■..  V\:i<-  !■-.  .  ■■  ;i:;:rc  \a 
v.meTimes  raki?n  .iii1.  tr.r.i^.-  \  r.  .\j.r.:^  ■:.•■  ■:.■.-  r.-r  ::-."i  ■•■■:.  *nn 
machine  is  nor.  ■  invn  i-.-r-t:  ■.•■^■..tr.itr.':  n  ;.:.  v.t\ .  •  .  ..rr.::*.i-p  lal 
application  bernv;  'isnaii"  !.■?  ..r.-.-r.ii.ri  ,t  ii!«-rn.»!i:i^  :irr<-tr  .  .nt.o 
iirect  r.irmnts. 

Ques.  How  does  a  rotary  converter  operate  when 
driven  by  direct  current? 

Ans.  The  same  x-".  t  !:r--:fc  ::irri-r.r.  THjf.jr.  :t.',  5n«.^i-»i  rotation 
'"fepeniiinsf  *ipon  '.he  r-ri:i.i.:<.n  ■■.\;.*;n^  '>:r.vi*?n  -he  strength 
*-»£  *.hir  .it 'iii  anil  *h«»   iir-.-r  ■:irr«-n*.  "')it;w^  louiieti. 


force  in  the  field 
applied. 
Again,  if  the  field 
■pplieil  voltage,  the  a 


If  at  a  low  speed.  II.  therefore,  it  he  dnindtucicntt 
lainlain  an  alternatinE  current  of  constant  frrqunk-y,  ik 
tot  by  Mipplyina  a  constant  voltage  not  only  u>  the  bimbo 
o  to  the  terminals  of  the  field  winding. 


«  nt::  1"  tivifii  t!:.-  ku:,-vv  ,l:i 
Til.-  lv.tit.rr  li,M  Jt.v;  th.-'p.im- 
,.un.l.     A  I'hanw  in  ihi'  1**kt..-; 


Quos.    How  docs  it  operate  with  alternating  current  drive? 

Ans.     The  same  as  a  syiioUrinimis  motor. 
Cues.     What  is  the  most  wivMimTOft  v«<-  m^^ 
Ans.     The  cummuUiu* ,  \«-ctf»»  ^  ««  ™«i  ^ 
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it  is  composed  and  the  necessary  lines  along  which  it  is  con- 
structed, its  peripheral  speed  must  be  kept  within  reasonable 
limits. 

Que*.  What  should  be  the  limit  of  the  commutator 
■peed? 

Ans.  The  commutator  speed,  or  tangential  speed  at  the 
[brushes  should  not  exceed  3,000  feet  per  minute. 


Ques.    Name  another  limitation  necessary  for  satis- 
factory operation. 

Ans.     The    pressure    between    adjacent    commutator    bars 
would  not  exceed  eight  or  ten  volts. 

If  the  commutator  bars  be  made  narrow  ifloraecVia  drtsSRi*8we«»»- 

say  number  for  the  desired  voltage  vjilh  ttie  txransmsb  tjctcawfiaw*** 

W therefore  low  commutator  speed,  the  bru,a\\es  w^Vtfj«&-  ^»  "^T^S 

*^t  «*  H«bk  to  require  excessive  VA&te««totoy™«**x 

Wiper  crass  section  and  yet  not  covet  more  toaa  fcWoVttSM*-  oacfe- 
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Ones.  How  can  the  commutator  speed  be  kept  within 
reasonable  limits,  other  than  by  reducing  the  width  of 
the  commutator  bars? 

Ans.  By  using  alternating  current  of  comparatively  lo«p 
frequency. 

For  a  rotary  converter  delivering  500  volt  direct  current,  ttie  prt4» 
frequency  for  the  alternating  current  circuit  has  been  found  t"  '  ** 
cycles  per  second. 

Ques.    When  a  rotary  converter  is  operated  in  the 
manner  on  an  alternating  current  circuit,  how  can  the 
direct  current  be  varied? 

Ans.  It  may  be  varied  (from  zero  to  a  maximum)  by  chang- 
ing the  value  of  the  alternating  pressure  supplied  to  the  ma- 
chine,  or  it  may  be  altered  within  a  limited  range  by  moving 
the  brushes  around  the  commutator,  or  in  a  compound  wound 
converter  by  changing  the  amount  of  compounding. 

Under  ordinary  conditions,  varying  the  voltage  developed  by  chaupWI 
the  voltage  at  the  motor  end  is  nut  (.'radical,  hence  the  village  ■  !.; '.-;-!■  ■:»■  I 
can  be  varied  only  over  a  limited  range.  In  addition  to  this,  the  voluj* 
developed  at  the  direct  current  end  bears  always 
proportion  to  the  alternating  current  voltage  applie 

thisisdue  to  the  same  winding  being  used  l«,th  fori 

purposes.  In  all  cases  the  proportion  is  such  that,  the  alternating  currens 
voltage  is  (lie  lower,  I  icing  in  Uio  single  phase  and  in  the  two  phase  con- 
verters al.-r.ut.  .7117  i-f  the  direct  current  voltage,  and  in  the  Dure  pi™* 
converter  about  M2  of  the  direct  current  voltage.  It  is  thus  seen  tW 
whatever  value  of  direct  current  voltage  i.-c  desired,  the  value  d  the 
applied  alternating  current  voltage  must  be  lower,  requiring  in  J* 
sequence  the  installation  of  step  down  transformers  at  the  sub-st»W> 
for  reducing  '.he  line  wire  village  to  conform  to  the  direct  current  P1* 
sure  required. 

Ques.     What  is  the  efficiency  of  a  rotary  converter? 

Ans.     It    may   be  sa\&  to  ta.va   aooroximately   the  same 
efficiency  as  that  in  the  Eweta.^  ol  \\*&  ■skok. aA^ 
in  reality  the  converter  is  &  «*»  in*«*  "**' """ 
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affording  a  somewhat  shorter  average  path  for  the  current  in 
the  armature,  reducing  in  consequence  the  resistance  loss  and 
the  armature  reaction. 

Ques.    May  a  converter  be  overloaded  more  than  a 
dynamo  of  the  same  output,  and  why? 

Ans.    Yes,  because  there  is  usually  less  resistance  loss  in  the 
armature  of  the  converter  than  in  the  armature  of  the  dynamo. 

+  ' 


—     l-lo 


**+  2^70. — Wiring  diagram  for  three  wire  synchronous  converter  with  delta- Y  connected 
ftep  down  transformer  with  the  neutral  brought  out.  It  is  evident  that  in  this  case  each 
transformer  secondary  receives  ^  of  the  neutral  current,  and  if  this  current  be  not  so 
mall,  as  compared  with  the  exciting  current  of  the  transformer,  it  will  cause  an  increase 
in  the  magnetic  density. 


Thus,  a  two  phase  converter  may  be  overloaded  approximately  CO 
per  cent.,  and  a  three  phase  converter  may  be  overloaded  about  30  per 
cent,  above  their  respective  outputs  if  operated  as  dynamos. 

Ques.    Describe  how  a  converter  is  started. 

Ans.    There  are  several  methods  any  oi\&  ol  Veas&v  txs»^  \*^ 
*qpfoyed,  the  choice  in  any  given  case  depetvSxc^  >s$ra^  ^«*3: 
<*tbem  may  best  be  followed  under  \Ja»  tatottak  <**o8fittB 
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If  it  be  found  advisable  to  start  the  converter  with  direct  current, 
the  same  connections  would  be  made  between  the  source  of  the  direct 
current  and  the  armature  terminals  on  the  commutator  side  of  the 
converter  as  would  be  the  case  were  a  direct  current  shunt  motor  of 
considerable  size  to  be  started;  this  naturally  means  that  a  starting 
rheostat  and  a  circuit  breaker  will  be  introduced  in  the  armature  circuit. 

The  shunt  field  winding  alone  is  used,  and  this  part  of  the  wiring  may 
be  made  permanent  if,  as  is  usually  the  case,  the  same  source  of  direct 
current  is  used  normally  for  separate  field  excitation. 

+  i — - 


Fm.  2.S71. — Wiring  diagram  of  three  wire  synchronous  converter  with  distributed  Y  set- 
ondary.  This  system  eliminates  the  flux  distortion  due  to  the  unbalanced  direct  current 
in  the  neutral.  Two  separate  interconnected  windings  are  used  for  each  leg  of  the  Y. 
The  unbalanced  neutral  current  flowing  in  this  system  may  be  compared  in  action  to  the 
effect  of  a  magnetizing  current  in  a  transformer.  The  effect  of  the  main  transformer 
currents  in  the  primary  and  secondary  is  balanced  with  regard  to  the  flux  in  the  trtflt- 
former  core,  which  depends  upon  the  magnetic  current.  When  a  direst  current  is  ptaeed 
through  the  transformer,  unless  the  fluxes  produced  by  the  same  neutralise  one  another, 
its  effect  on  the  transformer  iron  varies  as  the  magnetizing  current.  For  example,  usaaot 
a  transformer  having  a  normal  arni>ere  capacity  of  100  and,  approximately.  6  ampereJ 
magnetizing  current,  and  assume  that  three  such  transformers  are  used  with  Y  con- 
nected secondaries  for  operating  a  synchronous  converter  connected  to  a  three  wire 
Edison  system.  Allowing  2">  per  cent,  unbalancing,  the  current  will  divide  equally 
among  the  three  legs  giving  8.33  amperes  per  leg,  which  is  more  than  the  normal  mag- 
netizing current.  The  loss  due  to  this  current  is,  however,  inappreciable,  but  the  in- 
creased core  losses  may  be  considerable.  If  a  distributed  winding  be  used,  the  direct 
current  flows  in  the  opposite  direction,  around  the  halves  of  each  core  thus  entirely 
neutralizing  the  flux  distortion.  Whether  the  straight  Y  connection  is  to  be  used  m 
merely  a  question  of  tai\av\cu\ft  t\\u  increased  cut*  Vs»  cJL  ^3BA  straight  Y  connection 
against  the  increased  copper  Vws  and  the  u?*aVEt  w»\.  cfc.  Jc» ,«*ws«mj^H  5^22*. 

/^^^^^^^ 

i9  IC9S  than  30  per  cent,  ol  ttie  rated  vrai^ora**  «*«*- 
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The  direct  current  may  be  derived  from  a  storage  battery,  from  a 
separate  converter,  or  from  a  motor  generator  set  installed  m  the  sub- 
station for  the  purpose. 

An  adjustable  rheostat  will,  of  course,  be  connected  in  the  Meld  circuit 
for  regulation.  Before  starting  the  converter,  however,  it  is  necessary 
to  do  certain  wiring  between  the  terminals  on  the  coUector  side  of  the 
machine  and  the  alternating  current  supply  wires,  in  order  that  the 
change  over  from  direct  current  motive  power  to  alternating  current 
motive  power  may  be  made  when  the  proper  phase  relations  are  estab- 
lished between  the  alternating  current  in  the  supply  wires  and  the  al- 
ternating current  in  the  armature  winding  of  the  converter. 

In  order  that  proper  phase  relations  exist,  the  armature  of  the  con- 
verter must  rotate  at  such  a  speed  that  each  coil  thereon  passes  its  proper 
reversal  point  at  the  same  time  as  the  alternating  current  reverses  in 
the  supply  wires.  This  speed  may  be  calculated  by  doubling  t'.  e  fre- 
quency of  the  supply  current  and  then  dividing  by  the  number  of  pole 
pieces  on  the  converter,  but  a  far  more  accurate  method  of  judging 
when  the  converter  is  in  step  or  in  sj  xhronism  with  the  supply  current 
consists  in  employing  incandescent  far*  ps  as  shown  in  fig.  2,872. 

Ques.  How  is  a  polyphase  converter  started  with 
Iternating  current? 

Ans.  This  may  be  done  by  applying  the  alternating  pressure 
rectly  to  the  collector  rings  while  the  armature  is  at  rest, 
here  need  be  no  field  excitation ;  in  fact  the  field  windings  on 
e  separate  pole  pieces  should  be  disconnected  from  each  other 
fore  the  alternating  voltage  is  applied  to  the  armature,  else 
high  voltage  will  be  induced  in  the  field  windings  which  may 
ove  injurious  to  their  insulation.  The  passage  of  the  alter- 
ing current  through  the  armature  winding  produces  a  mag- 
tic  field  that  rotates  about  the  armature  core,  and  induces  in 
e  pole  pieces  eddy  currents,  which,  reacting  on  the  armature, 
ert  a  sufficient  torque  to  start  the  converter  from  rest  and 
use  it  to  speed  up  to  synchronism. 

Ques.  How  much  alternating  current  is  required  to 
art  a  polyphase  converter  ? 

las,  About  100 per  cent,  more  than  tVvat,  TeG^^Vw\v^a» 
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Ques.    How  may  this  starting  current  be  reduced  ? 

Ans.     Transformers  may  be  switched  into  circuit  temporari 
to  reduce  the  line  wire  voltage  until  the  speed  become  norma 

In  conjunction  with  this  method,  the  method  of  synchronizing  sho 
in  Tig.  2,872  may  be  used,  thus,  in  starting,  there  is  an  alternating  cum 
between  the  brushes  which  pulsates  very  rapidly,  but  when  synchroni 


Fig.  2,872.— Wiring  diagram  showing  arrangement  of  incandescent  lamps  for  determine 
the  proper  phase*  relations  in  starting  a  rotary  converter.  The  alternating  current  side  of 
three  phase  converter  is  shown  at  C.  The  three  brushes,  D,  T  and  G  pressing  on  itscolltc 
or  rings  are  joined  in  order  to  the  three  single  pole  switches  H,  L  and  B  which  can  be  mad 
to  connect  with  the  respective  wires  M,  R,  ana  V,  of  the  alternating  current  supply  circuil 
Across  one  of  the  outside  switches.  II.  for  example,  a  number  of  incandescent  lamps  ar 
joined  in  series  as  indicated  at  E,  while  the  three  pole  switch  (not  shown)  in  the  mam  cir 
cuit,  between  the  alternator  and  the  single  pole  switches  is  open.  If  then  the  main  switel 
iust  mentioned  and  the  middle  switch  L  be  both  closed,  and  file  armature  of  the  alternate 
be  brought  up  to  normal  speed  by  running  it  as  a  direct  current  motor,  the  lamps  at  E.wil 
light  up  and  darken  in  rapid  succession:  the  lighting  and  darkening  of  the  lamps  will  con 
tinue  until,  by  a  proper  adjustment  of  the  speed,  the  correct  phase  relations  be  establish^ 
between  the  alternating  current  in  the  supply  circuit  and  the  alternating  current  developed 
in  the  armature  of  the  converter.  As  this  condition  is  approached,  the  intervals  betweet 
the  successuve  lighting  up  and  darkening  of  the  lamps  will  increase  until  they  remain  pw 
per/ectly  dark.  There  is  then  no  difference  of  pressure  between  the  supply  circuit  W 
R  V  and  the  rotary  converter  armature  circuit,  so  the  source  of  the  direct  current  ma/  *' 
that  instant  be  disconnected  from  the  machine,  and  the  switches  H  and  B,  closed.  Ir  th« 
rhange  over  has  been  accomplished  lx*forc  the  phase  relations  of  the  two  circuits  differed, 
the  converter  w\U  at  once,  conform  vVavYL  Vu  \h^  «m$\\Iy  circuit  and  run  thereon  as  a  synchr** 
nous  motor  without  further  \tou\Ac.  Tt\t  w\wxvynb,  oV  >Jrr>  $\wx  tremat  circuit  awl  {J* 
closing  of  the  alternating  current  suwY?  wouX  toa*  \fc  *k*w^*  WA^^W  ^Awakfe 
bv  emolovinff  a  device  that  v»\\\  »u\«w\a\\cAYi  \.t>v  \\v*.  cxroaax\w^t»  x^S^^as^^ 
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is  approached,  the  pulsations  become  less  rapid  until  finally  with  the 
converter  in  step  with  the  alternator  the  pulsations  entirely  disappear. 
The  light  given  by  the  lamps  thus  connected  indicates  accurately  the 
condition  of  affairs  at  any  one  time,  varying  from  a  rapidly  fluctuating 
light  at  the  beginning  to  one  of  constant  brilliancy  at  synchronism. 
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CONVERTER 

is  only  to  be  used  for  converting 

be  revolving  parts  of  both  machines  are  mounted 
s  it  is  seen  that  the  armature  at  the  motor  and  the 

iced  from  that  impressed  upon  the  field  winding  of  the  motor. 

and  the  converter  have  the  same  number  of  pole,  the  motor 
spending  to  one-half  the  frequency  of  the  supply  circuit.    The 

a  motor  and  hall  as  a  transformer,  and  the  converter,  half  u 
ynchronom  cosviTtcr,  in  that  mic-half  of  the  electrical  energy 

be  converted  into  mechanical  power  for  driving  the  converter, 
i  transferred  to  the  secondary  motor  windings  and  thenty  to 
i  the  form  of  electrical  power.  The  capaeiry  of  the  motor  is 
st  it  would  be  if  it  were  to  convert  the  whofe  of  the  electrical 
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Que*.    If  the  armature  of  the  starting  motor 
starting  resistance,  how  must  this  be  connected? 

Ana.    It  should  be  connected  in  series  with  the  a 
inductors  before  the  alternating  voltage  is  applied. 
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Ques.    Describe  the  usual  wiring  for  the  installation 
of  a  rotary  converter  in  a  sub-station. 

Ans.     Commencing  at  the  entrance  of  the  high  pressure  cables, 
first  there  is  the  wiring  for   the    lightning   arresters,  then  for 
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fa.  2,875. — Resistance  measurement  by  "drop**  method.  The  circuit  whose  resistance  is 
to  be  measured,  is  connected  in  series  with  an  ammeter  and  an  adjustable  resistance  to 
vary  the  flow  of  current.  A  voltmeter  is  connected  directly  across  the  terminals  of  the 
resistance  to  be  measured,  as  shown  in  the  figure.  According  to  Ohm's  law  I  — E  +R, 
from  which,  R  —  E  -s-I.  If  then  the  current  flowing  in  the  circuit  through  the  unknown 
resistance  be  measured,  and  also  the  drop  or  difference  of  pressure,  the  resistance  can  be 
calculated  by  above  formula.  In  order  to  secure  accurate  determination  of  the  resistance 
such  value  of  current  must  be  used  as  will  give  large  deflections  of  the  needle  on  the  in- 
struments employed.  A  number  of  independent  readings  should  be  taken  with  some  varia- 
tion of  the  current  and  necessarily  a  corresponding  variation  in  voltage.  The  resistance 
should  then  be  figured  from  each  set  of  readings  and  the  average  of  all  readings  taken  for 
the  correct  resistance.  Great  care  must  be  taken,  however,  in  the  readings,  and  the 
instruments  must  be  fairly  accurate.  For  example,  suppose  that  the  combined  instru- 
ment error  and  the  error  of  the  reading  in  the  voltmeter  should  be  1  per  cent.,  the  reading 
being  high,  while  the  corresponding  error  of  the  ammeter  is  1  per  cent.  low.  This  would 
cause  an  error  of  approximately  2  per  cent,  in  the  reading  of  the  resistance.  In  making 
careful  measurements  of  the  resistance,  it  is  also  necessary  to  determine  the  temperature 
of  the  resistance  being  measured,  as  the  resistance  of  copper  increases  approximately  A 
of  1  per  cent,  for  each  degree  rise  in  temperature.  Use  is  made  of  this  fact  for  determining 
the  increase  in  temperature  of  a  piece  of  apparatus  when  operating  under  load.  The  re- 
sistance ot  the  apparatus  at  some  known  temperature  is  measured,  this  being  called  the 
cold  resistance  of  the  apparatus.  At  the  end  of  the  temperature  test  the  hot  resistance  is 
taken.  Assume  the  resistance  has  increased  by  15  per  cent.  This  would  indicate  a  rite 
in  temperature  of  37  H  degrees  above  the  original  or  cold  temperature  of  che  apparatus. 
Suppose  then  that  in  measuring  the  cold  resistance,  results  are  obtained  which  are  2  per 
cent,  low,  and  that  in  measuring  the  hot  resistance,  there  be  2  per  cent  error  ia  the  oppo- 
site direction.  This  would  mean  that  a  total  error  of  4  per  cent,  had  been  made  in  the 
difference  between  the  not  and  cold  resistances,  or  an  error  of  10  degrees.  The  correct 
rise  m  temperature  is,  therefore,  about  27  \*i  instead  of  37  W  degrees.  Itv  othee  "n^v^vxs*. 
error  of  2  per  cent,  w  measuring  each  resistance  baa  c&uJaeA  axv  «rrot  tA.  %.vvw»^»^*^^**NAi 
percent,  in  the  measurement  o(  the  rise  in  temperature.  Ttie  ejomatasBX  A'wN&s^^wa.X** 
iued  above  ts  only  Approximate  and  should  not  be  used  lot  vasxX  ^ox\\-,5^\rSS^! 

grttttoijsofinakingtalcuUUona  of  resistance  and  Xjarogw******  vs*    ^\«eAi»a» 

*tnwM  ot  toe  A*  I.  S  G. 
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ment  of  power.     A  few  of  the  in 
coil*,  of  tho  wattmeter,  or  for  1 
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the  connection  in  circuit  of  the  high  tension  switching  devices, 
from  which  the  conductors  are  led  to  bus  bars,  and  thence  to 
the  step  down  transformers. 

On  a  three  phase  system  the  transformers  should  be  joined  in  delta 
connection,  as  a  considerable  advantage  is  thereby  gained  over  the  star 
connection,  in  that  should  one  of  the  transformers  become  defective,  the 
remaining  two  will  carry  the  load  without  change  except  more  or  less 
additional  heating.  Between  the  transformers  and  rotary  converter  the 
circuits  should  be  as  short  and  simple  as  possible,  switches,  fuses, 
and  other  instruments  being  entirely  excluded.  The  direct  current  from 
the  converter  is  led  to  the  direct  current  switchboard,  and  from  there 
distributed  to  the  feeder  circuits. 


WATTMETER  ERROR  FOR  A  LOAD  OP  1,000  VOLT- AMPERES 

(For  a  lag  of  1  degree  in  the  pressure  coil) 


Error  of  indi- 

Power factor 

True  watts 

Error 

cation  in  per 

cent,  of  true 

value 

1. 

1,000 

.3 

0.03 

.9 

900 

7.6 

0.85 

.8 

800 

10.5 

1.31 

.7 

700 

12.5 

1.78 

.6 

600 

13.9 

2.32 

.5 

600 

15.1 

3.02 

.4 

400 

15.9 

3.98 

.3 

300 

16.6 

5.54 

.2 

200 

17.1 

8.55 

.1 

100 

17.3 

1.73 

NOTE. — In  the  iron  vane  type  instrument  when  used  as  a  wattmeter,  the  current  of  the 

i  coil  always  remains  in  perfect  phase  with  the  current  ot  the  circuit,  provided  series  trans* 

are  not  introduced.     The  error,  then,  is  entirely  due  to  the  lag  of  the  current  in  the 

_  j  coil,  and  this  error  in  high  power  factor  is  exceedingly  small,  increasing  as  the  power 

decreases.     In  the  above  table  it  should  be  noted  that  the  value  of  the  error  as  dis- 

from  the  per  cent,  of  error,  instead  of  indefinitely  increasing  as  the  power  factor 

ffiniiushes,  rapidly  attains  a  maximum  value  which  is  less  than.  %  ves  otoX.  c&^Cea  vw«  ^»^ 
",  under  the  same  current  and  without  inductance.     Lt  c2hn\3\&  i\ca\*e  T»»\*dL'0&»x,S&ft ^$***5l 


+*o*~uvct  is  approximately   ajoo  \»  »  vot^i.-^,  *—«—-- 
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Ques.  In  large  sub-stations  containing  several  rotary 
converters  how  are  they  operated? 

Ans.  Frequently  they  are  installed  to  receive  their  respec- 
tive currents  from  the  same  set  of  bus  bars;  that  is,  they  may 
be  operated  as  alternating  current  motors  in  parallel.  They  are 
also  frequently  operated  independently  from  single  bus  bars, 
but  very  seldom  in  series  with  each  other. 
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SINGLE  PHASE  MOTOR 


Pig.  2,880. — Single  phase  motor  test.     In  this  method  of  measuring  the  input  of  a  single  ph&se 
motor  of  any  type,  the  ammeter,  voltmeter  and  wattmeter  are  connected  as  shown   in 
the  illustration.      The    ammeter   measures   the   current    flowing    through    the   motor, 
the  voltmeter,  the  pressure  across  the  terminals  of  the  motor,  and  the  wattmeter  the  totaJ 
power  which  flows  through  the  motor  circuit.     With  the  connections  as  shown,  the  watt- 
meter would  also  measure  the  slight  losses  in  the  voltmeter  and  the  pressure  coil  of  the 
wattmeter,  but  for  motors  of  M  H.P.  and  larger,  this  loss  is  so  small  that  it  may  be  neg- 
lected.    The  power  factor  may  be  calculated  by  dividing  the  true  watts  as  indicated  by 
the  wattmeter,  by  the  product  of  the  volts  and  amperes. 


Ques.    How  may  the  direct  current  circuit  be  con- 
nected ? 

Ans.     In  parallel. 


\? 


NOTE. — In  motor  testing,  by  the  methods  illustrated  in  the  accompanying  cuts,  it  is 
assumed  that  the  motor  is  loaded  in  the  ordinary  way  by  belting  or  direct  connecting  the 
motor  to  some  form  of  load,  and  that  the  object  is  to  determine  whether  the  motor  is  over  or 
under  loaded,  and  approximately  what  per  cent,  of  full  load  it  is  carrying.  All  commercial 
motors  have  name  plates,  giving  the  rating  of  the  motor  and  the  full  load  current  in  amperes. 
Hence  the  per  cent,  of  load  carried  can  be  determined  approximately  Jby  measuring  the  current 
input  and  the  voltage.  If  an  efficiency  test  of  the  apparatus  be  required,  it  becomes  necessary 
to  use  some  form  of  absorption  by  dynamometer,  such  as  a  Prony  or  other  form  of  brake. 
The  output  of  the  motor  can  then  be  determined  from  the  brake  readings.  The  scope  of  the 
present  treatment  is,  however,  too  Y\in\\tu  \o  %,o\xvlo  the  subject  of  different  methods  of  mess- 
urine  the  output  of  the  apparatus,  a\v\  \s  cotv$yws&  ^^*t  \^  tmsCbsA*  <sl  Treasuring  current     « 

input,  voltage,  and  watts,  ine  v^^  J^r  ^^  x\v^  wsa\\.  ^\ax&^\n  «S\w^  w=aB*  V 
or  the  instruments  employed.  .Bulo^^eS^At  Vw  ^.Naafcet  ««L  Wnj2S*S^*  > 
under  light  or  no  load,  correction  stouto  \»  ^a** 

meter  error  on  page  2,075. 
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Ques.  What  provision  should  be  made  against  inter- 
ruption of  service  in  sub-stations? 

Ans.  There  should  be  one  reserve  rotary  converter  to  every 
three  or  four  converters  actually  required. 

Ques.  Why  does  a  rotary  converter  operate  with 
Boater  efficiency,  and  require  less  attention  than  does 
a  dynamo  of  the  same  output? 

Ans.    There  is  less  friction,  and  less  armature  resistance, 

THREE  PHASE  LINE 
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THREE. PHASE  MOTOR 


VOLTHETER 


AMMETER 


Pic  23S 1. — Three  phase  motor  test ;  voltmeter  and  ammeter  method.  If  it  be  desired  to 
determine  the  approximate  load  on  a  three  phase  motor,  this  may  be  done  by  means  of 
the  connections  as  shown  in  the  figure,  and  the  current  through  one  of  the  three  lines  and 
the  voltage  across  the  phase  measured.  If  the  voltage  be  approximately  the  rated  voltage 
of  the  motor  and  the  amperes  the  rated  current  of  the  motor  (as  noted  on  the  name  plate) 
it  may  be  assumed  that  the  motor  is  carrying  approximately  full  load.  If,  on  the  other 
hand,  the  amperes  show  much  in  excess  of  full  load  rating,  the  motor  is  carryingan  over- 
load.  The  beat  generated  in  the  copper  varies  as  the  square  of  the  current.  That  gen- 
erated in  the  iron  varies  anywhere  from  the  1 .0  power,  to  the  square.  This  method  is  very 
convenient  if  a  wattmeter  be  not  available,  although,  it  is,  of  course,  of  no  value  for  the 
determination  of  the  efficiency  or  power  factor  of  the  apparatus.  This  method  gives  fairly 
accurate  results,  providing  the  load  on  the  three  phases  of  the  motor  be  fairly  well  bal- 
anced. If  there  De  much  difference,  however,  in  the  voltage  of  the  three  phases,  the 
ammeter  should  be  switched  from  one  circuit  to  another,  and  the  current  measured  in 
each  phase.  If  the  motor  be  very  lightly  loaded  and  the  voltage  of  the  different  phases 
vary  by  2  or  3  per  cent.,  the  current  in  the  three  legs  of  the  circuit  will  vary  20  to  30  per  cent. 

the  latter  because  the  alternating  current  at  cestaisxv  v3^5^5*  ^ 
•oft  revolution  passes  directly  to  the  coTmraxtAto*  >e>*ss>  ^w 
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traversing  the  entire  armature  winding  as  it  does  in  a  dynamo; 
there  is  no  distortion  of  the  field  and  consequently  no  sparking, 
or  shifting  of  the  brushes,  since  the  armature  reaction  resulting 
from  the  current  fed  into  the  machine  and  that  due  to  the  cur- 
rent generated  in  the  armature  completely  neutralizes    each 
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PIG.  2,882.— Three  phase  mo 
a  three  phase  motor  be  re 
the  motor  to  lie  loaded  w 

phases.     Willi  tilt  .iirirn 


■o  wattmeter  method.    II 


the  total  power  \a 
at  the  three  phases. 


jMJJatJa  unUI, 


indicated.  (1IM 
ined.  Thisroettod 
iltaaes  of  the  **" 


m  meuu.c.  ., 
n  ujmt  iouq  one  oi  me-  meters  will  probably  w 
necessary  Co  either  reverse  its  current  or  pres*u.«<  - 
nay  U-  noted.  In  such  casej  the  algebraic  sums  of  the  I 
mlur  muds,  \t  one  read  plus  .WO  watte  and  theotbH.«i 
I)  the  circuit  »-iil  [,■  .-.("I  minus  SI"),  or  200  watt*.  *•' 
of  the  instrument  which  save  the  negative  deflection  < 


In  other  words,  if 
, — er  ii    '■ 

'  -'■!?. i;. 


Ques.    What  eVcttr\ca\  &\%\vaWj  \%  wytcienced 
a  rotary  converter! 
Ans.     Regulation  0t^^^^^^»^ 
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Que*.    How  is  this  done? 

Ans.  It  can  be  maintained  constant  only  by  preserving 
uniform  conditions  of  inductance  in  the  alternating  current 
circuit,  and  uniform  conditions  in  the  alternator. 

While  changes  in  either  of  these  may  be  compensated  to  a  certain  extent 
by  adjustment  of  the  field  strength  of  the  converter,  they  cannot  be 
entirely  neutralized  in  this  manner;  it  is  therefore  necessary  that  both 
the  line  circuit  and  the  alternator  be  given  attention  if  the  best  results 
are  to  be  obtained  from  the  converter. 

Ques.  What  mechanical  difficulty  is  experienced  with 
rotary  converters? 

Ans.     Hunting. 

Ques.    What  is  the  cause  of  this? 

Ans.     It  is  due  to  a  variation  in  frequency. 

The  inertia  of  the  converter  armature  tends  to  maintain  a  constant 
speed;  variations  in  the  frequency  of  the  supply  circuit  will  cause  a  dis- 
placement of  phase  between  the  current  in  the  armature  and  that  in 
the  lioe  wires,  which  displacement,  however,  the  synchronizing  current 
strives  to  decrease.  The  synchronizing  current,  although  beneficial  in 
remedying  the  trouble  after  it  occurs,  exerts  but  little  effort  in  preventing 
it,  and  many  attempts  have  been  made  to  devise  a  plan  to  eliminate 
this  trouble. 


NOTE. — Three  phase  motor  test;  polyphase  wattmeter  method.  This  is  identical  with 
tfcs  test  of  fig.  2,882,  except  that  the  wattmeter  itself  combines  the  movement  of  the  two 
ttttmeters.  Otherwise  the  method  of  making  the  measurements  is  identical.  If  the  power 
Sxtor  be  known  to  be  less  than  50  per  cent.,  connect  one  movement  so  as  to  give  a  positive 
defection;  then  disconnect  movement  one  and  connect  movement  two  so  as  to  give  a  positive 
deflection.  Then  reverse  either  the  pressure  or  current  leads  of  the  movement,  giving  the 
•nailer  deflection,  leaving  the  remaining  movement  with  the  original  connections.  The 
^tflrng"  now  obtained  will  t>e  the  correct  total  watts  delivered  to  the  motor.  If  the  power 
$sctorT>e  known  to  be  over  GO  per  cent.,  the  same  methods  should  be  employed*  except  that 
both  movements  should  be  independently  connected  to  give  positive  readings.  An  unloaded 
induction  motor  has  a  power  factor  of  less  than  50  per  cent.,  and  may,  therefore,  be  used 
•s  above  for  determining  the  correct  connections.  For  a  better  understanding  of  the  reasons 
for  the  above  method  of  procedure,  the  explanation  of  the  two  wattmeter  method,  fig.  2,882, 
should  be  read.  The  power  factor  may  be  calculated  as  explained  under  fig.  2,882.  Connect 
»»  shown  in  fig.  2.882.  The  following  check  on  connection  may  be  made.  jLet  the  polyphase 
induction  motor  run  idle,  that  is,  with  no  load.  The  motor  wft\  \!t«sv  a^s^ft  ^A  ^\««« 
factor  Jess  than  SO  per  cent.  The  polyphase  meter  should  gjivt  a  v«^N*  VoSwaJaR^^Jj^ 
esse  movement  be  tried  separately  one  will  be  found  to  gtoe  a  tvea>&ii«  Tga&v&a,.  ^o»-  q^aa 

ssfiflPi.^L-^y  *!?*. of  one  movement.   'Wbm  1\»  yonw  *****  *«X*w**» V* 
■■  both  movmaenta  will  give  positive  -  -     -  ■ 
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Ques.  What  are  tbe  methods  employed  to  prev< 
hunting? 

Ans.  1,  the  employment  of  a  strongly  magnetized  f 
relative  to  that  developed  by  the  armature;  2,  a  heavy 
wheel  effect  in  the  converter;  3,  the  increasing  of  the  inducta 
of  the  armature  by  sinking  the  windings  thereon  in  deep  s 
in  the  core,  the  slots  being  provided  with  extended  heads;  ; 
4,  the  employment  of  damping  devices  or  amortisseur  wind 
on  the  pole  pieces  of  the  converter. 
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Ques.    What  method  is  the  best? 

Ans.     The  damping  method. 

The  devices  employed  for  the  purpose  are  usually  copper  shields 
placed  between  or  around  the  pole  pieces,  although  in  some  converters 
the  copper  is  embedded  in  the  poles,  and  in  others  it  is  made  simply  to 
surround  a  portion  of  the  pole  tips. 

In  any  case  its  action  is  as  follows :  The  armature  rotating  at  a  variable 
speed  has  a  field  developed  therein  which  is  assumed  to  be  also  rotating 
at  a  variable  speed;  the  magnetism  of  this  rotary  field  induces  currents 
in  the  copper  which,  however,  react  on  the  armature  and  oppose  any 


THREE  PHASE  MOTOR 


Hi>  2384. — Three  phase  motor,  one  wattmeter  and  Y  box  method.  This  method  is  of  service, 
only,  provided  the  voltages  of  the  three  phases  are  the  same.  A  slight  variation  of  the 
voltage  of  the  different  phases  may  cause  a  very  large  error  in  the  readings  of  the  watt- 
meter, and  inasmuch  as  the  voltage  of  all  commercial  three  phase  circuits  is  more  or 
kst  unbalanced,  this  method  is  not  to  be  recommended  for  motor  testing.  With  bal- 
anced voltage  in  all  three  phases,  the  power  is  that  indicated  by  the  wattmeter,  multi- 
plied by  three.    Power  factor  may  be  calculated  as  before. 

tendency  toward  a  further  shifting  of  the  magnetism  in  the  armature 
and  therefore  prevent  the  development  of  additional  currents  in  the 
copper.  Since  copper  is  of  low  resistance,  the  induced  currents  are 
sufficient  in  strength  to  thus  dampen  any  tendency  toward  phase  dis- 
placement, and  so  exert  a  steadying  influence  upon  the  installation  as  a 
whole. 

Electrical  Measuring  Instrameata.— la  ^&&  Tcsaxs&osiQaxfc 
*  most  measuring  instruments,  the  ^a&\xa&oxNS»  <&  *<&&  ^^ 
**made  at  the  factory,  by  comparing  \fca  aritoSaa**  ** 
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pointer  with  voltages  as  measured  on  standard  apparatus.  T 
voltmeters  in  most  common  use  have  capacities  of  5,  15,  ' 
150,  300,  500  and  750  volts  each,  although  in  the  measureme 
of  very  low  resistances  such  as  those  of  armatures,  heavy  cabl 
or  bus  bars,  voltmeters  having  capacities  as  low  as  .02  volt  s 
employed. 

The  difference  between  the  design  of  direct  current  vo 
meters  of  different  capacities  lies  simply  in  the  high  resistan 


THREE  PHASE  MOTOR 

WITH  NEUTRAL  BROUGHT, 

OUT 


Pig.  2,885. — Test  of  three  phase  motor  with  neutral  brought  out;  single  wattmeter  xneth 
Some  star  connected  motors  have  the  connection  brought  out  from  the  neutral  of 
winding.  In  this  case  the  circuit  may  be  connected,  as  here  shown.  The  voltmeter  r 
measures  voltage  between  the  neutral  and  one  of  the  lines,  and  the  wattmeter  the  po* 
in  one  of  the  three  phases  of  the  motor.  Therefore,  the  total  power  taken  by  the  mc 
will  be  three  times  the  wattmeter  readings.  By  this  method,  just  as  accurate  rest 
can  be  obtained  as  with  the  two  wattmeter  method.  The  power  factor  will  be  the  ix 
cated  watts  divided  by  the  product  of  the  indicated  amperes  and  volts. 

joined  in  scries  with  the  fine  wire  coil.    This  resistance  is  usua) 

about  100  ohms  per  volt  capacity  of  the  meter,  and  is  compos 

of  fine  silk  covered  copper  wire  wound  non-inductively  on 

wooden  spool. 

In  the  operation,  ot  aa  \T\£fcnxcwKc&,»  *-&  *&\&  ^vater  when  d 

fleeted    do    not   readViy  com*  to  a  vre&s».  ^V  ^>  <s«^ 

friction  in  the  movmS  ?«*».  *  «*S  ^  ^^-^^ 
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gently  tapping  the  case  of  the  instrument  with  the  hand;  this 
will  often  enable  the  obstruction,  if  not  of  a  serious  nature,  to 
be  overcome  and  an  accurate  reading  to  be  obtained. 

Ques.    Describe  a  two  scale  voltmeter. 

Ans.     In  this  type  of  instrument,  one  scale  is  for  low  voltage 


DRIVEN  ABOVt  SYNCHRO* 
XHOOPtRATINGAS 
AH  ALTLRHMQR 


2386. — Temperature  test  of  a  large  three  phase  induction  motor.   Temperature  tests  are 
usually  made  on  small  induction  motors  by  belting  the  motor  to  a  generator  and  loading 
the  generator  with  a  lamp  bank  or  resistance  until  the  motor  input  is  equal  to  the  full  load. 
If,  however,  the  motor  be  of  considerable  size,  such  that  the  cost  of  power  becomes 
a  considerable  item  in  the  cost  of  testing,  the  method  here  shown  may  be  employed. 
For  this  purpose,  however,  two  motors,  preferably  of  the  same  size  and  type,  are  required. 
Ope  is  driven  as  a  motor  and  runs  slightly  below  synchronism,  due  to  its  slip  when  operating 
with  load.    This  motor  is  belted  to  a  second  machine.    If  the  pulley  of  the  second  machine 
be  smaller  than  the  pulley  of  the  first  machine,  the  second  machine  will  then  operate 
ss  an  induction  generator,  and  will  return  to  the  line  as  much  power  as  the  first  motor 
draws  from  the  line,  less  the  kisses  of  the  second  machine.     By  properly  selecting  the 
ratio  of  pulleys,  the  first  machine  can  be  caused  to  draw  full  load  current  and  full  load 
energy  from  the  line.    In  this  way,  the  total  energy  consumed  is  equivalent  to  the  total  of 
tile  losses  of  both  machines,  which  is  approximately  twice  the  losses  of  a  single  machine. 
The  figure  shows  the  connection  of  the  wattmeters,  without  necessary  switches,  for  read- 
ing the  total  energy  by  two  wattmeter  method.    Detailed  connection  of  the  wattmeter  is 
ihown  in  fig.  2,883.    It  is  usual,  in  making  temperature  tests,  to  insert  one  or  more  ther- 
mometers m  what  is  supposed  to  be  the  hottest  part  of  the  winding,  one  on  the  surface 
of  the  laminae  and  one  in  the  air  duct  between  the  iron  lamina*..   TY»  \wr»\.  ^wovk&A**. 
contained  until  the  difference  in  temperature  between  any  v**\.  *A\J&r  metes*  vcA.  >fc>*,,§* 
mcbea  a  steady  value.     The  motor  should  then  be  stopped  arA  ta*  \*cdlv«»*»?*  5^KL 
amstare  also  measured.    For  the  method  of  testing  <wound  *tiWk\>we>T^J^2«S 
~*~  tj^J?***_?ze'  **  ,%•  2.890.     For  the  approved  w*  ^SPT^CGfcr 
mod  interpreting  molts,  seethe  "S|s«iM3B»a*^BUo^  «A  ^k*  *•  ** 
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readings  and  the  other  for  high  voltage  readings;  on 
scales  the  values  of  the  graduations  for  low  voltages  are  ti 
marked  with  red  figures,  while  those  for  high  voltages  are  n 
with  black  figures.  A  voltmeter  carrying  two  scales  mm 
contain  two  resistances  in  place  of  one;  a  terminal  fron 
of  these  coils  must  be  connected  with  a  separate  binding 
but  the  remaining  terminal  of  each  resistance  is  joined  to 
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Pig.  2,887. — Alternator  excitation  or  magnetization  curve  test.  The  object  of  this 
determine  the  change  of  the  armature  voltage  due  to  the  variation  of  the  nel 
when  the  external  circuit  is  kept  open.  As  here  shown,  the  field  circuit  is  coone 
an  ammeter  and  an  adjustable  resistance  in  series  with  a  direct  current  source  < 
The  adjustable  resistance  is  varied,  and  readings  of  the  voltmeter  across  the  i 
and  of  the  ammeter,  are  recorded.  The  speed  of  the  generator  must  be  kept 
preferably  at  the  speed  which  is  g^ven  on  the  name  plate.  The  excitation  or  n 
tion  curve  of  the  machine  is  obtained  by  plotting  the  current  and  the  voltage. 


which  connects  through  the  fine  wire  coil  with  the  third  b 
post  of  the  meter.  The  two  first  mentioned  binding  poi 
usually  mounted  at  the  left  hand  side  of  the  meter  ai 
last  mentioned  binding  post  and  key  at  the  right  hand  ski 

The  resistance  corresponding  to  the  high  reading  scale  is  cc 
oi  copper  wire  having  Wva  $nk\&  &axostex  ^&  that  constitut 
resistance  for  the  \ow  rea^tv^^c^^^^^^^oj  <&>fc« 

scale 
latter 
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Ques.    How  1b  a  two  scale  voltmeter  connected? 

Ans.  In  the  connection  of  a  two  scale  voltmeter  in  circuit, 
the  single  binding  post  is  always  employed  regardless  of  which 
scale  is  desired.  If,  then,  the  voltage  be  such  that  it  may  be 
measured  on  the  low  reading  scale,  the  other  binding  post 
employed  is  that  connected  to  the  lower  of  the  two  r 


obtsinedfroi 
detemunatio: 


the  test  shown  i 
of  regulation,  a 


ipedance  test.     In  determining  the  n 
—hat  is  called  the  tyKckrtmxs  tmfjfmm 
i  connected,   as  shown  above.     Volt- 

;.  The  relation  between  field  and  arma- 
of  the  results  of  this  test,  with  those 
sed  in  the  detennination  of  the  regula- 

em  pities!  formulae  and  constants  for 


.NOTE.— Three  p 

&M.  readings  of  aiir 

«W:  or  the  field  ci 


be  kept  constant  and  ttw,  somalmn  vdeasat » 
rtions  may  also  be  used  \o  nsaJte  a.  ^mrwsiWmrb    . 
rtifkial  load.    In  some,  cun  ai\m  S*»  »»**^f^; 
lie  a  temperature  tort,  wAxmlttMa  aEViA  <* 
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contained  within;  if,  however,  the  pressure  be  higher  than  the 
recorded  on  the  low  reading  scale,  the  binding  post  connect 
to  the  higher  of  the  two  resistances  contained  within  is  used. 

Inasmuch  as  the  capacities  of  the  scales  are  usually  marked  on 
near  the  corresponding  binding  posts,  there  will  generally  be  no  difficu 
in  selecting  the  proper  one  of  the  two  left  hand  binding  posts. 


Pig.  2,8h0. — Three  phase  alternator  or  synchronous  motor  temperature  test.  In  this  ttfrf 
alternators  or  synchronous  motors  of  same  size  an4  type  are  used,  and  are  belted  totjptfc 
one  to  be  driven  as  a  synchronous  motor  and  the  other  as  an  alternator.  The  mstfa 
employed  is  to  synchronize  the  synchronous  motor  with  the  alternator  or  alternate 
on  the  three  phase  circuit,  and  then  connect  to  the  line  by  means  of  a  three  pole  ttm 
throw  switch.  The  alternator  is  then  similarly  synchronized  with  the  alternator  of  the  thr 
phase  circuit  and  thrown  onto  the  line.  By  varying  the  field  of  the  alternator  it  can  1 
made  to  carry  approximately  full  load,  and  the  motor  will  then  be  also  approximate! 
fully  loaded.  The  usual  method  is  to  have  the  motor  carry  slightly  in  excess  of  full  last 
and  the  alternator  slightly  loss  than  full  load.  Under  these  conditions  the  motor  wi 
run  a  little  warmer  than  it  should  with  normal  load,  while  the  alternator  will  run  slightft 
cooler.  Temperature  measurements  are  made  in  the  same  way  as  discussed  under  thtH 
phase  motors.  The  necessary  ammeters,  voltmeters  and  wattmeters  for  adjusting  .the 
loads  on  the  motors  and  generator  are  shown  in  above  figure.  If  pulleys  be  of  eafaaat 
size  to  transmit  the  full  load,  with,  say  one  per  cent,  slip,  the  pulley  on  the  motor  shoold 
be  one  per  cent,  larger  in  diameter  than  the  pulley  on  the  alternator,  so  as  to  enable™ 
alternator  to  remain  in  synchronism  and  at  the  same  time  deliver  power  to  the  cirast 
With  very  larKc  machines  under  tort,,  \\.  \%  VtttANtaScfa.  v>  use  the  above  method  as  it  a 
sometimes  difficult  to  so  adjust  \Y*  v^J  ^\^^^\S^  Sa^^S^W 
just  right  to  make  ur>  for  \\*  <\»««tt?  ™  ^^^^^^^^^^^^^^2 


On 


Uig  of  the  belt  results.    To  meet,  ^^"'.^t-,  "i:s», 
-e  which  gives  consistent  resu\\A  »  «to™  m\»*>  *• 
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Ques.  How  la  a  two  scale  voltmeter  connected  when 
le  binding  posts  are  not  marked? 

Ans.  If  only  an  approximate  idea  is  possessed  of  the  voltage 
>  be  measured,  it  is  always  advisable  to  connect  to  the  binding 
ast  corresponding  to  the  high  reading  scale  of  the  meter  in 
rder  to  determine  if  the  measurement  may  not  be  made  safely 
ad  more  accurately  on  the  low  reading  scale.  In  any  case, 
»ne  knowledge  must  be  had  of  the  voltage  at  hand,  else  the 
igh  reading  portion  of  the  instrument  may  be  endangered. 


iter  nupht  receive  a  severe  ah'.»-k   l>\-  L'jroiru*  iti  fnlAv-l  with  the  dim 
The  insulation  of  the  flyn*mn  would  also  be  subjected  to  abnormal  st 


H  pel  standi 

'i'h'l-L./  ■.■■:'! 


....    Rv  the  :iti.-,ve  nielli'*]  !tn-  rii-ld  i-  j'.i.bjnli-  i  to  its  full  copper 

full  ..■  -rir»T  l""iS  iLil'i  '"''.'  !'■■■".     '1'inipTar.ure  r.'iidiiiHE  are  taken 

*     I.  E.  E.     This  method  may  aim  be  uwd  with 

J  — "w  type.  t  If  the  aKer- 


suits  on  larie  three  pha' 
:  be  above  #W  volts,  a  p 


should  be  used  ii 


Toe  much  care  cannot  be  taken  to  observe    iHese  fwttawVums  ,**S££ 

the  vr.Iimeter  in  ii.se/,  for  the  burning  out  ot  *^™^*™^MSt^l 
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excessive  current, 


;  one  of  the  most  serious  accidents  that  can  befall  t 

If  a  voltmeter  has  been  subjected  to  a  voltage  higher  than  that  for  whi 
it  was  designed,  yet  not  sufficiently  high  to  injure  the  insulation,  but  hi; 
enough  to  cause  the  pointer  to  pass  rapidly  over  the  entire  scale,  dama 
has  been  done  in  another  way.  The  pointer  being  forced  against  the  side 
the  case  in  this  manner,  bends  it  more  or  less  and  so  introduces  an  error 
the  readings  that  are  afterward  taken. 

The  same  damage  will  be  done  if  the  meter  be  connected  in  circuit  i 
that  the  current  does  not  pass  through  it  in  the  proper  direction,  althoug 


:e.  volliiffe  without 

1  Mild    be   dnven  >i  naraia 

wL:h  the  higher  resistance  in  the  field  ei 


iding  (fl»  opposed  t 


the  ascending)  mtgoet 
is  due  to  the  kg  of  t± 
by  the  hyatereu  ol  th 


in  this  case  tho  pointer  is  not  liable  to  be  bent  so  much  as  when  it  is  force 
to  tin.'  opposite  siik-  of  the  motor  by  an  abnormal  current,  since  then  it  bJ 
gained  considerable  momentum  which  causes  a  severer  impact.  The  rattefl 
of  the  tlanu^e  may  lie  ',\vi-erv,v\viv<l  by  noting  how  far  away  from  the  W 
mark  the  pointer  lie*  vWft  tm  c.««\\\,  v*.  v-^™*,  °<kwk^  ttus  instruraeO' 

careful  use  of  a  pair  ot  pVwiwo*- 
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Que*.    What  should  be  noted  with  respect  to  location 

of  Instruments? 

Ans.  If  they  be  placed  near  conductors  carrying  large  cur- 
rents, the  magnetic  field  developed  thereby  will  produce  a  change 
in  the  magnetism,  of  the  instruments  and  so  introduce  an  error 
in  the  readings. 

AMMETER  MIHPCT 


■  to  adjusted  that  1 
The  field  current  U 
ins  the  wiilnci  in 


■  is  obtained  by  the  connection  ■        .  .  .. 

t  machine  (jivea  normal  voltage  when  the  external  circuit  la  opes 
hen  maintained  constant  and  the  external  current  varied  by  var 
he  circuit.  By  plotting  voltage  along  the  vertical,  agamat  the  cc 
reaented  along  the  hr-i *-'  •■■-—• ■-' -• — 1~;- :- -t.-i. 


ontal.  the  external  characteruitic  is  obtained. 


Ques.     How  should  portable  instruments  be  wired  ? 

Ans.  The  wires  must  be  firmly  secured  to  the  supports  on 
which  they  rest,  so  as  to  reduce  the  possibility  of  their  being 
polled  by  accident,  and  so  causing  the  instruments  to  tall. 

A  fall  or  a.  rough  handling  o!  the  faetra  at  out»*icwi^'iM.*,<^-at^ 
readings,  for  .is  much  harm  is  done  as  vjouaO.  tewta.  \.to«i  -a-stKOia*  ™ 
meat  of  *  watch. 


2,090 


HAWKINS  ELECTRICITY 


The  hardened  steel  pivots  used  in  all  high  grade  voltmeters  are  gr 
and  polished  with  extreme  care  so  as  to  secure  and  maintain  a 
degree  of  sensitiveness.  The  jewels  on  which  the  moving  parts  rer 
are  of  sapphire,  and  they  too  must  necessarily  oe  made  with  skil 
carefulness;  if,  therefore,  the  jewels  become  cracked  and  the  p 
dulled  by  careless  handling,  the  meter  at  once  becomes  useless  as  a  r 
uring  instrument. 

Ques.    How  should  readings  be  taken  ? 

Ans.     The  deflections  of  the  pointer  should  be  read  to  tei 

AMMETER 


0 


Pig.  2,893.-  -Load  and  speed  test  of  direct  current  shunt  motor.  The  object  of  this  te 
to  maintain  the  voltage  applied  to  the  motor  constant,  and  to  vary  the  load  by  n* 
of  a  brake  and  find  the  corresponding  variation  in  speed  of  the  machine  and  the  cor 
drawn  from  the  circuit.  If  the  motor  be  a  constant  speed  motor,  the  field  resistitt 
maintained  constant.  The  above  indicates  the  method  of  connecting  instruroenti 
the  test  alone;  for  starting  the  machine  the  ordinary  starting  box,  should,  of  coune 
inserted. 


of  a  division;    this  can  be  done  with  considerable  accural 
especially  after  a  little  practice. 

For  very  accurate  YesuWs,  v\  \«kvvwa\>m«.  correction  should  be  appl 
to  compensate  the  eftect  vA\\c\\  \Vui  v«ft\«ra\>M*.  <&  "Ows.  <a^^^sg^83R.^ 
upon  the  resistance  ot  ihe  nvdet  m*V«v  *\c»®ax«Rw«&*  ™^«*b£* 
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if  35  degrees  above  or 

Ques.    What    attachment  is  sometimes  provided   on 
station  voltmeters  used  for  constant  pressure  service? 

Ans.     A  normal  index. 


it  through  tL_  .... — 

......      ..... -._  ,  recorded,  and  when  they  reach 

rly,  in  riiiildnu  w  U-t  "n  a  -t:i;l11  nir't'T.  the  motor  i^  Jo^k-d  v.-ii.h  a  dynnmo  nr,ii  the 

im-astd  until  the  in„ut  rurrcnt  n-M-hrs  Lhe  normal  full  l.v„!   v;l:..:u  of  the  motor, 

.  the  tot  being  conducted  as  (or  a  small  dynamo.     When,  however,  the  apparatus,  cither 

energy,  to  use  what  i™ called  rhrioadliift  Wk  rr^thod."^  We'u'luiWrud'  Tn^motorli 
Kartell  in  the  usual  way,  with  the  dynamo  belted  to  it,  the  circuit  of  the  dynamo  benw 
upen.      The  field  of  the  dynamo  is  then  adjusted  so  that  the  dynamo  voltage  ia  equal 

to  that  of  the  line.     The  dynamo  „  then  mnnci:lcrtt'>  /he  urcuit  fl-d  iv<  fiK.I  <™ta 


VivS 


i  Ow« 


and  dniri     be  nf    h     t,      c  siie  and  type,  tYit  n  V.-A  c-.m-j  *vJ!rA\N  '«.    ^ 

ehine.    Temperature  readings  are  taken  u  in  other  «s«BiB"*™fe  !*&*• 
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Ques.    What  precaution  must  be  taken  In  c 
station  voltmeters? 

Ans.  Care  must  be  taken  to  guard  against  any  short  ar- 
cuiting  of  the  voltmeter,  which,  would  mean  a  short  circuiting 
of  the  generator,  and  as  a  result  the  probable  burning  oat  of  its 
armature. 


Ques.     Why  do  staXum  voltmeters  indicate  a  voltage 
slightly  lower  tlwin  acxua\Vs  *s&BX*wxw**eo»\ssfcdai 

Am,.     Since    UH'S     sw-    "'""    - 
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circuit;  a  certain  amount  of  beat  is  developed  in  the  wiring  of 
the  instrument. 


m 


PKa,  2,80fl  Hid  2.897.— Transformer  core  ln«*  und  IcalHiRe.oreicitinReurrrnttest.  With  the 
primary  circuit  oimi.thc  luimubr  iijbuw  the  ™-:iin«  of  r.i  1"ad  rurrmt.  It  ihinld  be 
noted  that  all  insttijintsita  ar;  inserted  en  the.  Imi  vi»]t;iHi-  side,  (nr  iiotli  isaftty  of  the  oikt- 

ratio  ul  transfui  million  be  i"  :  1,  ivdi  !.,;  oi.e-li-ini]  ui  the  measured  teeondaty  enm-nt. 
Tliu  wattmeter  tiiriii-ri.i].  .-.■-.  sh-nvii.  rea  asem-i  t):e  sum  i,f  the  Ins.es.  in  the  transfmintr 
in  the  prrasurr  coil  of  the  wattmeter,  and  in  the  voltmeter.  Lin  nil  standard  mnltci  of 
portable  LnsliuinoiH,  the  rejsiume  of  tin-  wattmeter  pressure-  (.nil  and  of  the.  v<,:tint'cr 
■li  Riven,  nnil  the  lnv.n  in  either  in~ltument  is  (hi.-  s-niare  of  tin:  vi/tagc  at  its  trnniiwb, 
divided  by  its  ii.'i-r;.nrc.  Su!i!r,'i-!i::K  these  l^s-iiv,  ft  ran  the  total  indicated  upon  the 
"-  -*pr,  (tivci  the  iniB  coif  or  ir-in  Ins;.  It  should  be  noted  that  in  this  diatiram  ii 
n  uuKi;i-iiv  tvAYiiifnr-miT  tvili:  a  numln  nf  tajn  tin-  rjli'.aininjj  the  mart  rated 
von.-.iee  of  the  transformer  Hurler  tut.  In  tic.  a.h'Ji'  is  shown,  in  fteneral.  the  tiune  con- 
nections as  in  (in.  a,«Hi,  cxi  c;>'.  that  the  .int.  i -transformer  li^s  been  repriced  by  o  n/sint- 
.nice.      If  the  line  v;.!taEe  available  lie  r.ot  nrart,  in  Kits  (A  vm  ioijA.  -i'^Vi-jjt  *».  |i.-s. 

IIowi-vlt,  if  the  <!iiT,rincr  be  HI  iter  cent, or  tnoie  «ie  woiSwr)  Vi ■i'i0iarn,^L^rS^ 
Sp.  3,HWi  Mhould  («  used.  Measurement!  marie  \mAet  \'v*  iwiiias**  tj«KM«=»-  » 
fva  lower  retulu  Usui  thone  obtained  with  ttw  »HT'*"*f  tatA"0"*' 
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The  effect  of  this  heat  increases  the  voltmeter  resistance  and  conse- 
quently reduces  the  current  below  that  which  otherwise  would  pass 
through  the  meter;  since  the  deflections  of  the  pointer  are  governed  by 
the  strength  of  the  current,  station  voltmeters  invariably  indicate  a 
voltage  slightly  lower  than  that  which  actually  exists  across  their  leads. 


rl  I 


1 

1 

1 

1 

1 

'h 


Vm.  'J  ^9v 


m  ^9v  ■r",i..j.':.:r:i  "\  i  ■■!  :.< .  *i--r:-.  !■■-  laiil-raiiiuj  a  wattmeter.  The  cahliration  of  ap*^ 
■■.-.■■.'  ■  ■ .  -  i ;  i>  •  .,m.;i'i  "■  1  w;!li  dr-.vt  curri-r.t  nf  constant  value  which  is  puM-d  thr'nuT 
•■  ■  ■  .  .  '.;■■!::..*  lv  ■  ■■•••;•  ';r  ,\  Ww-  :--.'.ir>  e  thermf  with  the  current  terminus  A  <:!"<""* 
■  ;:-:■  i  \  •  ■■":..  ■■  \  !i.  l;  :-,-iv  |.(-  v.irv  !  throughout  the  range  of  the  wattm-.-ter  i<  a'<o.i;>;-  *■ 
t  ii:.  i  ••!■<•;.  w  )•>■■'  -.<\  ■  -i  t!u  f.-.-i'i'o  ai-.-l  iiirht  hand  pressure  terminals  A  nvA  K  tlnrvvirruC 
i'i  «'•  .■  i..<  t.  -  i  ■  •  .  ■  ■  i'  ;=.'  !  r.'  r  lis  I w  nuT  su-.-h  that  its  differential  winding  is  tu.i-i  «.■.:' "'-j 
i<i  i  ■>■  ■  *..  ';■•..-  i •.••':■.!■  •:  ]••■■•  ■•!•!■.■  ■  ■:• ::  >tsm  comparing  the dertcct ions  on  th-.-  u\»*:rci:*f" 
aL  I  .  ■  i-  -.  t  .!:■:■:••. ■<  ..."  l;.-i.ji.  !■  •  .-•'  j-'ii.tsouT  its  scale  with  the  enrrrsjv.-inli'.fl  \'r '•' 
■a-  ;-.'■  ■■■    '      .-1    iv,'..  ■••   V  ■■■!  t  »«■">:  .::i  t.v-:n.     The  changes  in  the  wattnvt:  r  di-,!'vr' ^ 


a*t-  «  f" 
•;'  .:  •  .'.1 


1  i.-. 

•.    I.:..- 


v  if  vr  .'  »■  ■   v.-!'  i'<-.  t'ii-  value  (>i  the  current  l>cinv;  mai::ti:*ie !  •  •"• 
r-p  ■  ;.--i'    \'f  Im  "■  i':r-  i:t  capacity  of  the  meter. 


riu'.r.i:  f 


I    I". 


!:..! 


l~ 


Hi  h-.M 


('herklng  up  t>f  ii  recording  wattmeter.    This  may  convenient'.?'  '■«:  •' 

'■  ■  :i"-  -...■.    :.  -i  •  r.'   r.v."  •  ••  i  a:j  .i::i:;Tf  <r  «■  »rinectcd  in  circuit,  and  al.-oth',rf.i-i:1,> 
■  i    '   i'     i  ■..•■■:■  ■•    v.  i V  :-,!-.'  t    ■!■:•  i-    r  t  ;-:s  piTi"d. 
■•■    .   ■"■■    !■■  ■  :.    •*.  <  :   I1,--  I 


If  th is  test  l»c  c^rUlr-u1'  J  r  ,4i: 
■  ;!■■  i:i  v  ■'.'■.,  the  current  in  ampen-s.  av.-l  tV  :::' 
:-:i  ■■:'■!  ■   :..!''.   ■ -j;.'1  •  r  i..f  ".  i ''••.■:.■  i  i-i    :.Kd  on  the  counters  of  the  di  i!. 

\t>T:\    -Transformer  testing.  T.i  '''•••  •  ■i:'v  da>  s<>f  transformer  building.  K'foro  t'~<H'  "ll* 

nn-T-Ti!    .■.  ,;<vn  'i-    I..,,!   "•■.,!,   y  -  ■  t  t «.-«  '«-d.  It  il-  n.v  <-v  exciting  current  was  the  iTi'.cri"::"!^'-'  "-,- 

d»  si,'i,.      .\l'-  '  '.':  i-  ii,1.;-  .'.;i.  *.i  .*,i  =  >(  tlv  v.it  ■  'm.-!-  -.  •■•>■■«*  in:,s  Uv.mii'  the  all  imp<"»rt.int  ffi'.'V-r.""' 

/in/-;!  /..•..■    r>:i;.-    «',.     i,'iv.».  \-  .-.x   <A   \v.Av  -,-«■    vn-v>\\  w.v*  V^V  «vAvt  of.     With  the  iri  *:■*>'-*-•':' '; 

Of  Sill.  i.'\         '■,'       K    ir    ii  '■       <-l      t\.  \X\'A»'     ^V\^'v^■^     a,'  v\\\   A^VWWvA  \Ytv««V\V«vv  v'..      Vot»  \*tt£  ill  l'1"'- 

toil  that    f  i.i-   ii  — -.i     <;\     :-vu\i  ^VV^VAvU \ V  »"*  ™W\\ '-^V  \x^^  ^A  ^«^wroi«% ^s*^-B»*t^ 

"  .sue  h    van  ilde  quautiUca,      VVwt  U'A4  ^\^- 

in  thin  chapter. 
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Ques.     Can  direct  current  be  measured  by  an  alter- 
nating current  voltmeter? 

Ana.    Yes. 


no.  2J&D. — Transformer  copper  leas  by 
-"luce,  thii  method  would  t~~ 
ot  the  resistance.    However,  ._ -  ~_  ....._- ....._.._.. 

of  the  tiansformer  ii  short  circuited,  and  a  voltage  applied  to  the  primary  which  it  just 

the  transformer  with  the  secondary  short  circuited,  the  secondary  will  also  carry  full 

indicate*  the  impedance  voltaof  the  tranafotmer.    TUtdlvided  by  the  rated  voltage  gives 

■     ■    ■       «lkd  the   per  ctHl.  impedance  of  the  lramf,rmrr.     In  a  conumTria]  transformer 
.    this   should  be  imDruiimatelv  3  pet  cent.     The  [run  W  of  the  transformer 

wattmeter  readings  must  be  corrected  for  the 

-e  volts,  as  measured,  be  divided  by  the  pri- 
ier  is  obtained.    The  reciprocal  of  this  quart- 

Lpcdanee  of  the  apparatus  used,  in  order  to 

wattmeter  error  on  row  power  lactor,  see  note  on  page  2.075,  For  accurate 
of  impedance,  the  voltmeter  should  be  cunnected  directly  across  the  ter- 
transformer  rather  than  as  shown  in  the  diagram. 


of  6  lew.,    thia 

hotild  be 

ely3per 

iMBon  of  the  co 

parallel  Uity  ditid 

determine  whethe 

NOTE.— Transformer  copper  Ids*  teat.    Theusunl  and  best  method  of  obtaining  copper 

■vets  is  to  separately  measure  the  primary  and  secondary  resistance  and  calculate  from  these 

"»  primary  and  secondary  copper  losses.     For  general  diagram  of  connections  and  discussion 

the  drop  method,  bm  tip.  2,K7o.    The  current  should  be  kept  well  within  th*.  \sv*A.  <»«». 


secondary  copper'losses'    For  general  dir 
lod.  see  fig.  ]i,H7J5.    The  current  should 

■'.taeaouiM  trie  rolUse  acroM  its  terminals  divided  uv  ttiu  current-  "le"*,!™™1^  T 
'  E!EZ3i!l?mIPn*"and  "'""ilarly.  The  copper  lo»  va  ™ft\»  hj.  eacV  g»a*^_C 
£*S£j  g;  «■•*««  aid  the  square  o[  the  rated  aunt*  lot  *a*  efli--   T**  ""*»*■ 
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Ques.  What  would  be  the  effect  of  placing  a  direct 
current  voltmeter  across  an  alternating  current  circuit, 
and  why? 

Ans.  There  would  be  no  deflection  of  the  pointer  owing  to 
the  rapid  reversals  of  the  alternating  current. 

Ques.  What  are  the  usual  capacities  of  alternating 
current  voltmeters? 

Ans.     They  are  3,  7.5,  10,  12,  15,  20,  60,  75,  120,  150,  300  and 


VOLTMETER 


NON-INDUCTIVE  LDAU 


HE 


PiG.  2,900. — Temperature  test  of  transformer  with  non-inductive  load.  The  figure  shows 
the  simplest  way  of  making  the  test.  Connect  the  primary  of  the  transformer  to  the 
line  us  shown,  and  carry  normal  secondary  load  by  means  of  a  bank  of  lamps  or  other 
suitable  resistance,  until  full  load  secondary  current  is  shown  by  the  ammeter  in  the 
secondary  circuit.  The  transformer  should  then  be  allowed  to  run  at  its  rated  load  for 
the  desired  interval  of  time,  temperature  readings  being  made  of  the  oil  in  its  hottest 
part,  and  also  of  the  surrounding  air.  Where  temperatures  of  the  coil  rather  than  tem- 
peratures of  the  oil  are  desired,  it  is  necessary  to  use  the  resistance  method.  This  is 
obtained  by  first  carefully  measuring  the  resistance  of  both  primary  and  secondary 
coils  at  the  temperature  of  the  room,  and  then,  after  the  transformer  has  been  under 
heat  test  for  the  desired  time,  disconnect  it  from  the  circuit  and  again  measure  the  re- 
sistance of  primary  and  secondary.  For  proper  method  of  calculating  the  temperature 
rise  from  resistance  measurements,  the  reader  is  referred  to  the  standardization  rules 
of  the  A.  I.  E.  E.  In  making  resistance  measurements  of  large  transformers  by  the 
drop  method  cure  should  be  taken  to  allow  both  ammeter  and  voltmeter  indications  to 
settle  down  to  steady  values  before  readings  arc  taken.  This  may  require  several  min- 
utes. Each  time  the  current  is  changed  it  is  necessary  in  order  to  obtain  check  values 
on  resistance  measurements,  to  wait  until  the  current  is  again  settled  to  its  permanent 
value  before  takinx  readings.  All  resistance  measurements  must  be  taken  with  great 
care,  as  small  errors  in  the  measurement  of  the  resistance  may  make  very  large  errors 
in  the  determination  of  the  temperature  rise.  The  method  above  described  is  satisfac- 
tory fur  small  transformers.  Where  large  units  are  to  be  tested,  the  cost  of  current  for 
testing  becomes  an  important  item.    The  "bucking  test"  as  in  fig.  2,901,  is  more  economical. 

600  volts,  but  these  capacities  may  each  be  increased  by  the 

use  of  a  multiplier. 

Ques.    How   are  station  voltmeters  usually   attached 
to  the  switchboard"? 

Ans.     They  are  usus&v  \*itaA  ^  vV*  w**a&w«AAri  <«»* 


MANAGEMENT 


2,097 


of  four  iron  supports  mounted  on  the  back  of  the  instrument; 
two  of  these  are  fastened  near  each  side  of  the  case. 

Under  certain  conditions,  however,  as  in  paralleling  of  alternators, 
it  is  convenient  to  have  the  alternating  current  voltmeter  mounted  on 
a  swinging  bracket  at  the  side  of  the  switchboard.  The  voltmeter  may 
then  be  swung  around  in  any  desired  direction  so  as  to  enable  the  at- 
tendant to  keep  informed  of  the  voltage  while  switching  in  each  addi- 
tional alternator. 


fttt.  1MX)1.— Transformer  temperature   "bucking  test."      For  this  purpose  two  transformers 
of  the  same  size  and  ratio  are  required.    The  connections  are  as  shown.    Full  secondary 
voltage  is  applied,  and  rheostats  or  auxiliary  auto-transformcrs  are  inserted  in  the  circuit 
to  properly  regulate  the  voltage.     The  primaries  are  connected  with  one  bucking  the 
other*  and  a  voltage  equal  to  twice  the  impedance  voltage  of  either  transformer  inserted 
in  the  primary  circuit.     It  should  be  noted  that  when  the  secondaries  are  subjected  to 
the  full  secondary  voltage,  a  full  primary  voltage  exists  across  either  primary,  but  with 
the  primaries  connected  so  that  the  voltage  of  one  is  bucked  against  the  voltage  of  the 
other,  the  resultant  voltage  in  the  circuit  will  be  zero.    By  applying  to  the  primary  cir- 
cuit twice  the  impedance  voltage  of  either  transformer,  full  primary  and  secondary  cur- 
rent will  circulate  through  both  transformers.     On  the  other  hand,  by  subjecting  the 
secondaries  to  the  full  secondary  voltage,  the  iron  of  the  transformer  will  Demagnet- 
ised as  under  its  regular  operating  conditions,  and  tYte  M\  *\t<Hv\ofs&  *&  •<*«.  \.T*s>*!awx*R. 
introduced.     This  method  permits  the  operation  ot  Vwo  traxfl&OTCftKt*.  >m\&rx  n*^kwS^^ 
test  with  their  full  losses,  without  taking  energy  tram  X\vt \m*  «^^  ^^^£3§ 
Measurements  of  temperature  are  taken  in  exact\y  ti*e  «*e&*  *«¥  1*  *^  Vfc.  Jfc.  ««*- 
v  successfully  employed  tor  making  temperature,  t«tfU  on.  \xwostainw*  «i.  **» 
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Ques.  How  should  an  ammeter  be  operated  to  get 
accurate  readings,  and  why? 

Ans.  It  should  be  cut  out  of  circuit  except  while  taking  a 
reading,  because  of  the  error  introduced  by  the  heating  effect 
of  the  current. 


In  an  ammeter  having  a  capacity  of  50  amperes,  the  error  that  t 
dueed  will  be  less  than  1  per  cent,  if  connected  continuously  in  d 
with,  a  current  not  exceeding  three-quarters  this  capacity. 

An  ammeter  of  100  amperes  capacity  r "- " 

circuit  with  less  than  1  per  eeii* 


/  may  be  used  indsfinitdy  id 
p  to  one-half  its  capacity,  and 
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for  five  minutes  at  three- 
quarters  capacity  with- 
out exceeding  the  1  per 
cent,  limit. 


The  150  scale  ammeter 

may  be  left  in  circuit  for 
.in  indefinite  length  of 
time  at  one-third  its  full 
capacity,  and  for  three 
minutes  .it  one-half  its 
full  capacity,  with  a  neg- 


Ammeters  of  200  and 
of  300  ampere  capacities 
must  not  continuously 
carry  more  than  one- 
quarter  of  these  loads 
respectively  if  the  read- 
ings are  to  have  an 
accuracy  within  1  per 
cent,  nor  more  than  one- 
half  these  respective 
number  of  amperes  for 
three  minutes  if  the  same 
degree  of  accuracy  be  de- 


$  A  fills 
li'hii 

■"1  Bills 


HAWKINS  ELECTRICITY 


omplo 
chough 
up  to  t 
capadt] 
lactamc 


Ans. 
ment  t 


Que 
impot 
tentio 
S*i||"l    be  pei 

WW*  *T* 

■Still'!    mentt 

fllillfF  should 

b35n"--2js    by     c< 

■«■ 


MANAGEMENT 


Electrical  measuring  instruments,  owing  to  the  nature  of  their  con- 
struction and  the  conditions  under  which  they  must  necessarily  be  used, 
are  subject  to  variations  in  accuracy.  This  feature  is  an  annoying  one 
on  account  of  the  difficulty  of  detecting  it;  a  meter  may,  as  far  as  ap- 
pearances go,  be  in  excellent  working  order  and  yet  give  readings  which 
are  not  to  be  relied  upon. 

Ridiculous  as  it  may  appear,  the  average  station  attendant  may 
frequently  be  seen  straining  his  eyes  to  read  to  tenths  of  a  division  on 
the  scale  of  a  meter  which,  if  subjected  to  test,  would  show  an  inaccuracy 
of  over  2  per  cent. 

In  testing  a  meter,  by  comparing  it  with  a  standard,  in  order  to 
obtain  the  best  results  there  should  be  one  man  at  each  meter  so  that 
a  readings  may  be  taken  on  both  instruments,  and  the  man 


at  the  standard  n 


r  should  maintain  the  voltage  constant    while   t 


j^SETS 

lowing  bet' 

duy  coils."    It  is. 

IWEiSrS 

™  <■"»■  s» 

nf  the 

the  uth 

r.  external  L 

3  the  tranrformer,  ma 

equired  in  mailing  this  r. 


reading  is  being  tfien,  by  means  of  a  rheostat  in  the  field  circuit  of  the 
generator  supplying  the  current. 

Each  'meter  should  be  checked  or  calibrated  at  five  or  six  approxi- 
mately equidistant  points  over  its  scale;  the  adjustable  resistance 
being  varied  each  time  to  give  a  deflection  on  the  standard  meter  of  an 
even  number  of  divisions  and  the  deflection  on  the  other  meter  recorded 
at  whatever  it  may  be.  Having  obtained  the  necessary  readings,  the 
calculation  of  the  constant  or  multiplying  factor  of  the  meter  under- 
going test  is  next  in  order. 

This  may  best  be  shown  by  taking  an  g»rt<«fl  mM-Vft.'^ft&i&.'n.'^ft  **^Sl, 
voltmeter  is  being  tested   to   determine  i&s  awairaCj-     r^M1  6aS*" 
cafcmtafcoos  are  as  fellows: 
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n            Con*Unt 

25 

Average  constant  for  six  readings,  6.043+6—1.007. 


fo:m.  v  ui-.'ii-r  l 

the  winding  n. - 

indiiitJ  will  lit  identical. 


It  may  he  stiLtt.il  in  general  that-  iieforc  taking  the  readings  for  this 

lost,  the  zero  jNisition  of  the  pointer  on  the  meter  teste!  should  be  noted, 

and  if  il  lie  more  than  two-tenths  of  a  division  off  the  tero  mark,  the 

caw  of  till  miller  sta\\A  \«  terooveA.  «vd  the  pointer  straightened. 

Furthermore  it  w'ift  W  wsCfcesi  \tom'fcwsTis&&!W(3i\«»TM3*fcri^«&rt. 
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slowly  cutting  out  of  circuit  the  adjustable  resistance,  and  thus  show 
whether  or  not  the  pointer  has  a  tendency  to  stick  at  any  part  of  the 
scale.  If  the  meter  seem  to  be  defective  in  this  respect,  it  should  be  rem- 
edied either  by  bending  the  pointer  or  scale,  or  by  renewing  one  or  both 
of  the  jewels,  before  the  comparison  with  the  standard  is  commenced. 

It  is  obvious  from  the  readings  recorded  for  the  150  scale  voltmeter, 
that  as  compared  with  the  corresponding  deflections  of  the  standard, 
the  former  are  a  trifle  low. 

In  order  to  determine  for  each  observation  how  much  too  low  they 
are,  it  is  necessary  to  divide  each  reading  on  the  standard  by  the  cor- 
responding reading  on  the  meter  tested.  The  result  is  the  amount  by 
which  a  deflection  of  this  size  on  the  meter  tested  must  be  multiplied 
in  order  to  obtain  the  exact  reading.  This  multiplier  is  called  a  con- 
stant, and  as  shown,  a  constant  is  determined  tor  each  of  the  s*x 
.Observations. 

\ .-  The  average  constant  for  the  six  readings  is  then  found,  and  this  is 
y.  taken  aa  the  constant  for  the  meter  as  a  whole;  that  is,  whenever  this 
>  160  scale  voltmeter  is  used,  each  reading  taken  thereon  must  be  mul- 
tiplied by  1.007  in  order  to  correct  for  its  inaccuracy. 

The  most  convenient  and  systematic  way  of  registering  the  constant 
of  a  meter  is  to  write  it,  together  with  the  number  of  the  meter  and  the 
date  of  its  calibration,  in  ink  on  a  cardboard  tag  and  loop  the  same 
fay  means  of  a  string  to  the  handle  or  some  other  convenient  part  of  the 


NOTE. — Transformer  polarity  teat.    A  test  of  importance  in  the  manufacture  of  trans- 

term,  and  sometimes  necessary  for  the  user,  is  the  so  called  banking  or  polarity  test.    The 

Itaasfonners  from  any  particular  manufacturer  have  the  leads  brought  out  in  such  a  manner 
•  fJtat  a  transformer  of  any  size  can  be  connected  to  primary  and  secondary  lines  in  a  given 
Older  without  danger  of  blowing  the  fuses  due  to  incorrect  connections.  All  manufacturers 
.*?  transformers,  however,  do  not  bank  transformers  in  the  same  way,  so  that  it  is  neces- 
sary in  placing  transformers  of  different  makes  to  test  for  polarity.  This  is  done  as  shown 
41  fig.  2,906.  One  transformer  is  selected  as  a  standard  and  the  leads  of  the  second  trans- 
:ormer  connected  as  indicated  in  the  diagram.  If  the  transformers  be  1,100-2,200  volts  to 
.10-220,  two  110  volt  lamps  are  connected  in  the  secondaries  of  the  transformers  as  indicated, 
While  the  primary  of  the  transformer  is  connected  across  the  line.  In  transformers  built  for 
two  primary  and  two  secondary  voltages,  it  is  necessary  to  test  each  primary  and  each  secondary. 
The  diagram  shows  the  method  of  connecting  one  2,200  volt  coil  and  one  110  volt  coil  to  the 
fmnsformer  to  be  tested.  When  the  primary  circuit  of  the  transformer  under  test  is  closed, 
■Ad  if  the  secondary  leads  of  the  110  volt  coil  under  test  be  brought  out  of  the  case  properly, 
the  two  110  volt  lamps  should  be  brightly  illuminated.  If.  on  the  other  hand,  the  two  110 
toH  terminals  have  been  reversed,  no  current  will  flow  through  the  lamps.  If  these  two 
'jerminals  be  found  to  be  brought  out  correctly,  transfer  the  secondary  leads  of  the  transformer 
under  test  to  the  second  110  volt  coil.     Upon  closing  the  primary  cvrc.\a\\.,  vV*r.  \acrcc^  ^cv^5^. 


.«•«.  be  brightly  illuminated.      Repeat  this  process  wtth  caucYi  <A  v\\^  skwcA-^  V^"*BC^^1 
other  primary  coil,  and  if  the  lamps  show  up  brig,n\\y  ui  tvtrj  caa*.  otv  ^^^J^^v^c^nss 
xrcait.  all  leads  have  been  properly  brought  out.     It  otv  axvv  V«**  ^  x^^^«aet\j»5a*a 
brightly,  the  leads  an  the  ^Mi^rmfr  must  be  so  &S&8P&  tttoVR^**6^50^ 
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Qiies.  What  are  the  usual  remedies  applied  to  a  volt- 
meter to  correct  a  3  or  4  per  cent,  error? 

Ans.  They  consist  of  straightening  the  pointer,  varying  the 
tension  of  the  spiral  springs,  renewing  the  jewels  in  the  bearings, 
altering  the  value  of  the  high  resistance,  and,  in  the  case  of 
a  direct  current  instrument,  strengthening  the  permanent 
magnet. 

Ques.    How  is  the  permanent  magnet  strengthened? 

Ans.  After  detaching  it  from  the  instrument,  wrap  around 
several  turns  of  insulated  wire,  and  pass  through  this  wire  for 
a  short  time  3  or  4  amperes  of  direct  current  in  such  a  direction 
as  to  reinforce  the  magnet  magnetism. 

Ques.  How  may  the  value  of  the  high  resistance  of  a 
voltmeter  be  altered  ? 

Ans.  Determine  the  resistance  of  the  voltmeter  and  add 
or  subtract,  according  as  the  reading  is  high  or  low,  a  certain 
length  of  wire  whose  resistance  is  in  per  cent,  of  the  voltmeter 
resistance  the  same  as  the  per  cent,  of  error. 


NOTE. — The  complete  calibration  of  a  two  scale  voltmeter  does  not,  as  might  be  sup- 
posed, necessitate  that  the  readings  on  both  scales  be  checked  with  standards,  for  since  the 
resistance  corresponding  to  the  one  scale  is  always  some  multiple  of  the  resistance  of  the  other, 
the  constants  of  the  two  scales  are  proportional.  For  instance,  if  S  "the  reading  at  the  end  of 
the  high  scale  of  the  voltmeter;  S1  =  the  reading  at  the  end  of  the  low  scale  of  the  voltmeter; 
R  =the  resistance  in  the  meter  corresponding  to  the  high  scale;  R  =»  the  resistance  in  the  meter 
corresponding  to  the  low  scale;  K  =the  constant  for  the  high  scale*  and  Kl  "Bthe  constant  for 
the  low  scale.    Then 

SK+R-S«Ki+R» 

from  which 

K»-SKR+S»R 

That  is  to  say,  if  the  respective  resistances  corresponding  to  the  two  scales  be  known,  and 

the  constant  of  the  high  scale  be  determined  by  comparison  with  a  standard,  then  by  aid  of 

these  known  values  and  the  roaximum  teaAVngs  eta  \ha  two  scales,  the  constant  of  the  low 

acale  may  be  calculated.    It  \a  also  -possWAe  xo  cata&ate  ^o»  wwfi»*S.  ^V^O^Vagfr.  scale  if  the 

constant  of  the  low  scale  be  known,  ta&fcOrv«  y&i^a  <***»»*<*.  "*»      «*  »•-- 

Id  the  two  scales;  for  from  the  equation  v**™**3**  ^^ 
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Ques.  What  is  a  frequent  cause  of  error  In  an  alter- 
nating current  meter,  and  why? 

Ans.  The  deterioration  of  its  insulation,  which  permits  the 
working  parts  of  the  instrument  coming  in  contact  with  the 
surrounding  metal  case. 


1  transfon 

the  unbalanced  three  wire  direct  current  having  no  distorting  en*e 
•econdaries,  the  primaries  should  preferably  be  connected  delta,  t 


, ™d  not  be  used  with  regulating  pole  converters. 

of  aecondaries  may,  however,  be  used  with  delta  primaries,  and  i 

the  triple  harmonic  of  "—  * '■ —  :-  *'■- 

the  two  secondary  neu 


How  to  Test  Generators. — la  \Xve.  a^ettSlvarx  <a\.  *s«kws3&. 
stations,  many  problems  dealing  -wVOa  So*  ^awtse****  T**^^^ 
therein  can  be  readily  solved  bv  \ba  «*&.  <*  OaK^***^*^ 
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Pic.  2,008. — General  form  of  characteristic  curves  for  a  Mnn  dynamo.     The  gi 

charm tnl'.-.ii-  curve,  except  that  no  field  rheostat  is  employed.    Commencing  with  no  load 

or  amperes,  there  will  probably  be  a  small  deflection  noticeable  oq  tbfi  wr1*"*™'*'  -*«*■"»>« 

rcgidu.il  magnetism.      The  olher  readings  are  taken  with  sucor 

rent  resistance.     The  curve  OA  thus  obtained  for  a  certain  1 

a  straight  tine  at  the  ljcginnins,  representing  thereby  a  proportional 

with  increase  of  curranti  but  after  a  certain  CUTTent  Is  reached  (s1- — * 


Mturalion,  and  the  current  corosnon&me  ' 
current  of  the  dynamo.  Ttie  povrA  ol  sat 
by  the  amount  of  iron  in  the  magiwtic  « 
e  deaifparfUw*™^^ 
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which  bear  a  relation  to  the  generators  similarly  as  do  indicator 
diagrams  to  steam  engines. 

In  steam  engineering,  a  man  who  did  not  fully  understand 
the  method  of  taking  an  indicator  diagram  would  be  considered 
not  in  touch  with  his  profession,  and  in  electrical  engineering 
the  same  would  be  true  of  one  ignorant  of  the  method  of  ob- 
taining characteristic  curves. 

The  necessary  arrangement  or  connection  of  the  generator  from  which 
it  is  desired  to  obtain  a  characteristic  curve,  consists  in  providing  a 
constant  motive  power  so  that  the  machine  may  be  run  at  a  uniform 
speed,  and  when  the  field  magnets  of  the  generator  are  separately 
excited  the  field  current  from  the  outside  source  must  also  be  maintained 
constant,  preferably  by  a  rheostat  connected  in  the  field  of  the  auxiliary 
exciting  machine-  It  is  also  necessary  in  every  case  that  means  be  pr<v 
vided  for  varying  the  main  current  of  the  generator  step  by  step  from 
zero  to  maximum.  This  may  best  be  done  by  employing  a  water  rheostat, 
as  shown  in  fig.  2,909. 

Ques.  What  instruments  are  needed  in  making  a  test 
of  dynamo  characteristics? 

Arts.    A   voltmeter,   ammeter,    speed   indicator,    the   usual 
switches  and  rheostats. 
Ques.    How  is  the  apparatus  connected? 

Ans.     It  is  connected  as  shown  in  fig.  2,910. 
Ques.    Describe  the  test. 

Ans.  Having  completed  the  preliminaries  as  in  fig.  2,910, 
the  test  should  be  started  with  the  main  circuit  of  the  generator 

Pk.  asoS.— Tat  amUmui. 
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open.  Then,  in  the  case  of  the  shunt  machine,  the  speed  should 
be  made  normal  and  the  field  rheostat  adjusted  until  the  volt- 
meter reading  indicates  the  rated  voltage  of  the  machine  at  no 
load  and  readings  taken.  The  electrodes  of  the  water  rheostat 
should  be  adjusted  for  maximum  resistance  and  main  circuit 
closed,  and  a  second  set  of  readings  taken.     Several  sets  of 


PULLEY 
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Pig.  2,900. — Water  rheostat.  It  consists  essentially  of  a  tank  of  suitable  site  containing  nit 
water  into  which  are  placed  two  electrodes  having  means  of  adjustment  of  the  distance 
separating  them.  The  solution  depends  on  the  voltage.  Pure  water  is  seldom  used  for 
pressures  under  1,000  volts.  The  size  of  the  tank  is  determined  by  the  size  of  the  electrodes, 
and  roughly  the  size  of  the  latter  equal  the  number  of  amperes.  With  a  current  density 
of  one  ampere  per  square  inch,  a  water  solution  gives  a  drop  of  2,500  to  3,000  volts  per  inch 
distance  between  the  plates.  Where  high  voltage  is  used,  the  water  must  be  circulated 
through  and  from  the  tank  by  rubber  hose  allowing  for  2,500  volts,  a  length  of  15  to  20  feet 
of  1  inch  hose  to  prevent  grounding.  In  place  of  the  arrangement  shown  above,  a  barrel 
may  be  used  for  the  tank,  and  for  the  electrodes,  coils  of  galvanized  iron  wire.  This  is  the 
simplest  form  and  is  satisfactory. 


readings  are  taken,  with  successive  reductions  of  water  rheostat 
resistance.  The  results  are  then  plotted  on  coordinate  paper 
giving  the  characteristic  curve  shown  in  fig.  2,908. 

Ques.     What  does  tYie  c\*&t^v%T\%\te.  cum,  (flfc.  2,911) 
show? 

Ans.     Ax>  exaimnatiou  oi  ttv*  o^*  *«*  **■  ^^^ 
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point  of  the  curve  occurs  at  no  load  or  0  amperes;  that  as  the 
current  is  increased,  the  voltage  drops,  first  slightly  to  the  point 
B  and  then  rapidly  until  the  point  E  is  reached,  when  any  further 
lowering  of  resistance  in  the  main  circuit  to  increase  the  current 
causes  not  only  a  rapid  decline  in  the  voltage  but  also  of  the 
current  until  both  voltage  and  current  become  approximately 


FIELD  RHEOSTAT 


In  some  generators,  a  very  slight  current  results  even  when  the  fa 
mtnah  of  the  machine  are  actually  short.  cwo».\«A-,'Ociax.'\,i,*>K>«-^»'^«^v 
magnetism  in  the  pole  pieces,  the  \ow«  wttai  ■&  **  o«^^S£ 

terminates,  not  exactly  at  aero,  bulBXa  VOW&  *»m*  fe***1*^  UM* 

current  fine. 
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The  working  portion  of  the  curve  is  from  A  to  C,  at  which  time  the 
machine  is  supplying  a  fairly  constant  voltage.  Prom  C  to  £  shows  a 
Critical  condition  of  affairs,  while  the  straight  portion  D  O  represents 
the  unstable  part  of  the  curve  caused  by  the  field  current  being  below 
its  proper  value. 

The  position  of  the  point  C  determines  the  maximum  power  the 
machine  is  capable  of  developing,  being  in  this  case  (47.5  X26)  -*-  746  « 
1.69  horse  power. 

Ques.    How  may  the  commercial  efficiency  of  a  gen- 
erator be  determined  ? 

Ans.  To  obtain  the  commercial  efficiency,  the  input  and 
output  must  be  found  for  different  loads. 

The  input  may  be  found  by  running  the  generator  as  a  motor  at  its 
rated  speed,  loading  it  by  means  of  a  Prony  brake.  The  generator  must 
be  stripped  of  all  belting  or  other  mechanical  connections,  supplied  with 
its  normal  voltage  and  full  load  current,  and  the  pressure  of  the  Prony 
brake  upon  its  armature  shaft  or  pulley  adjusted  until  the  rated  speed 
of  the  armature  is  obtained.  The  data  thus  obtained  is  substituted 
in  the  formula 

*.-    u    t    u  2rLWR  m 

input  in  brake  horse  power  «-     qqqqq       ....      (1) 

in  which 

L= length  of  Prony  brake  lever; 

W= pounds  pull  at  end  of  lever; 

R  =  revolutions  per  minute. 

The  output  or  electrical  horse  power  for  the  same  load  is  easily  cal- 
culated from  the  formula 

output  in  electrical  horse  power  =»  — ^7^1 '     •       •      (?) 

After  obtaining  value  for  (1)  and  (2)  the  commercial  efficiency  for 
the  load  taken  is  obtained  from  the  formula 

commercial  efficiency  »  ■.  ^"-     ....        (3) 

Having  obtained  the  commercial  efficiency,  the  difference 
between  the  ideal  100  per  cent,  and  the  efficiency  found  will  be 
due  to  certain  losses  in  the  generator.  These  losses  may  be 
classified  as 

I.  Mechanical: 
2.  JSecfcricaL 
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The  mechanical  losses  are  the  friction  of  the  bearings  and  brashes, 
and  air  friction.  The  electrical  losses  consist  of  the  eddy  current  loss, 
hysteresis  loss,  armature  resistance  loss,  and  field  resistance  loss. 

In  testing  for  these  losses,  the  generator  to  be  tested  should  be  belted 
a  calibrated  motor  which  latter  machine  should  preferably  be  of  the 


plotted,  4  curved  Ime  ihouldtm  drawn  throual 

the  ikaracuriilic  cum  of  the  dynamo.     While 

should  preferably  be  drawn  by  the  aid  of  French  ci 

be  exactly  made  to  coincide-  with  all  the  points  as  f 

between  Giving  an  average  result,  and  smoothing  out  irregularities 

the  "personal  equation."     The  meter  of  course  must  be  correct  or  c 

invs  corrected  by  the  calibration  coefficient. 


The  amount  of  power  as  aKjert^&lt^^'S'^'"*^.^^^^ 
notor  for  the  voltage  and  curreoX  utfA  ft«^  ^^eTV».-« 
»tar  aa  just  taphJSicd  in  ft  pwwma  c&  Sbwafe  ^**Q  -g««=- 
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thus  used  is  practically  constant  at  all  loads  and  is  about  2  per  cent,  of 
that  necessary  to  drive  the  generator  at  full  load. 
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PlC  2,912. — Characteristic  curves  for  a  compound  dynamo.  If  the  machine  be  over  com- 
pounded* the  characteristic  curve  has  the  form  of  the  curve  A  B,  which  curve  was  obtained 
from  a  machine  over-compounded  from  1 18  to  123  volts,  and  designed  to  give  203  amperes 
at  full  load.  The  preliminary  arrangements  for  testing  a  compound  dynamo  are  similar 
to  those  for  a  shunt  generator,  and  it  the  shunt  across  the  series  field  winding  be  already 
made  up  and  in  position,  the  readings  are  taken  precisely  in  the  same  manner.  It  is 
generally  considered  sufficient  if  observations  be  recorded  at  zero.  \i,  Ht  %  and  full  load.  If 
it  be  desired  to  ascertain  the  effect  which  residual  magnetism  has  upon  the  field  magnets 
the  current  is  decreased  after  the  full  load  point  is  reached  without  opening  the  circuit,  and 
readings  are  taken  in  succession  at  %,  J^,  \{ and  zero  load  giving  in  this  case  the  curve  BCD 
E  S.  It  is  thus  seen  that  residual  magnetism  exerts  no  small  effect  upon  the  voltage  ob- 
tained at  the  different  loads,  for  had  there  been  no  residual  magnetism  in  the  field  magnets 
the  curve  B  C  D  E  S  would  have  coincided  with  the  curve  A  B.  The  curve  A  B,  and  the 
straight  line  A  X  drawn  through  the  points  A  and  B,  are  almost  identical,  and  as  A  X  repre- 
sents the  theoretical  characteristic  curve  for  the  machine,  it  is  seen  that  compounding  is 
practically  perfect.  In  order  to  insure  such  accurate  results  being  obtained,  providing  the 
machinery  be  correctly  designed,  requires  considerable  care  in  taking  the  readings;  for 
example,  each  step  or  load  on  the  ascending  curve  should  not  be  exceeded  before  the 
corresponding  deflection  is  taken,  else  the  residual  magnetism  will  cause  the  pressure 
reading  to  be  higher  than  it  actually  should  be,  and  the  following  pressure  readings  will 
also  be  affected  in  the  same  manner.  In  case  the  shunt  to  be  employed  across  the  series 
field  has  not  been  made  up,  it  is  advisable  toperform  a  trial  test  before  taking  the  read- 
ings for  the  curve  ns  previously  described.  The  trial  test  consists  in  taking  two  readings. 
— one  at  no  load  and  the  other  at  full  load,  the  shunt  being  so  adjusted  as  to  length  and 
section  that  the  desired  amount  ot  con^avuvditig  will  be  obtained  in  the  latter  reading 
with  normal  voltage  at  no  \oaA.    II  \\vt  frrsX  \rva\  \si\  \»  \wofccos*.  ^^  desired  result  bv 


>&a. 


A  decrease  in  length,  or  an.  increase  o*>  i^kw***  *•» 
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The  increase  in  power  resulting  from  the  greater  current  that  will 
now  be  taken  by  the  motor  to  run  the  dynamo  at  its  rated  speed,  will 
be  a  measure  of  this  loss.  In  general,  its  value  will  be  about  .5  per  cent. 
of  the  total  power  required  to  drive  the  dynamo  at  full  load,  and  this 
also  will  remain  constant  at  all  loads. 

The  friction  of  the  air  upon  the  moving  armature  of  the  dynamo 
cannot  be  determined  experimentally,  but  theoretically  this  loss  is 
small  and  may  be  estimated  as  .5  per  cent. ;  it  is  also  constant  at  all  loads. 

The  core  loss  may  be  determined  experimentally  by  exciting  the  field 
magnets  of  the  dynamo  with  the  normal  full  load  field  current  through 
the  magnet  coils,  and  noting  the  increase  of  power  required  by  uie 
motor  to  maintain  the  rated  speed  of  the  dynamo  thus  excited  under 
no  load,  over  that  necessary  under  the  same  conditions  with  no  field 
excitation.  This  increase  of  power  will  be  the  value  of  the  core  loss. 
The  core  loss  is  approximately  3  per  cent,  of  the  power  required  to  operate 
the  dynamo  at  full  load,  and  it  is  constant  at  varying  loads.  It  it  be 
desired  to  divide  the  core  loss  into  its  component  parts,  it  is  necessary 
also  to  run  the  dynamo  under  the  same  conditions  as  before  with 
field  excitation  but  at  half  its  rated  speed.    If,  then, 

H  =  the  power  lost  in  hysteresis  at  rated  speed, 

E  — the  power  lost  in  eddy  currents  at  rated  speed, 

T  — the  power  lost  in  hysteresis  and  eddy  currents  at  rated  speed, 

S  —  the  power  lost  in  hysteresis  and  eddy  currents  at  half  speed, 

there  may  be  formed  the  two  following  equations: 

T-H  +  E,andS=|+-|. 
from  which  the  elimination  of  H  will  give  E  =  2T — 4S. 


Having  previously  ascertained  the  power  lost  in  both  eddy  currents 
and  hysteresis,  and  knowing  now  the  power  lost  in  eddy  currents  alone, 
it  is  easy  to  find  that  lost  in  hysteresis  by  simply  subtracting  the  latter 
known  value  from  the  former.  The  value  of  the  hysteresis  loss  is  there- 
fore approximately  1J^  per  cent.,  and  it  is  constant  at  different  loads. 

There  yet  remains  to  be  determined  the  armature  resistance  loss 
and  the  field  resistance  loss.  As  for  the  calibrated  motor,  this  may  be 
disconnected  from  the  dynamo,  as  it  need  not  be  used  further  vatfea-jH*.. 

The  armature  resistance  is  the  teasXaxtut  dl fee:  "^"T8^* 
the  dynamo,  between  the  coronvu\a\»t  \>a-vi  m.v*°-  <~*t.2\=«s"'' 
positive  and  negative  brushes,     ^assume  MtaaN.  -Cm*  -»*»»  **■ 
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resistance  be  known,  call  this  value  R  ohms,  together  with  that  of  the 
full  load  armature  current,  which  is  also  known  and  which  call  I  amperes, 
this  is  sufficient  data  for  calculating  the  armature  resistance  loss  at  full 
load.  It  is  evident  that  to  force  the  full  load  current  I  through  the 
armature  resistance  R  will  require  a  pressure  of  R  volts,  and  that  the 
watts  lost  in  doing  so  will  be  the  voltage  multiplied  by  the  current. 
The  armature  resistance  is  consequently 

I  R  X  I  =  I'  R  watts 
or,  expressed  in  horse  power  it  is 

V  R  +  746 

At  full  load  it  is  usually  about  2  per  cent,  of  the  total  power  required 
to  drive  the  generator  fully  loaded.  The  armature  resistance  loss  varies 
in  proportion  to  the  load,  in  fact,  as  the  last  expression  shows,  it  increases 
as  the  square  of  the  armature  current. 

The  field  resistance  loss  is  calculated  in  the  same  manner  as  just 
explained  for  the  armature  resistance  loss,  it  being  equal  in  horse  power 
to  the  square  of  the  full  load  held  current  multiplied  by  the  resistance 
of  the  field  winding  and  divided  by  746.  In  a  shunt  dynamo  it  is  prac- 
tically constant  at  2  per  cent,  of  the  total  power  at  full  load,  but  in  a 
series  or  in  a  compound  generator  it  will  vary  in  proportion  to  the  load. 
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